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— EARLY HISTORY OF HYDROMETRY IN THE UNITED STATES = 


Kolupail 


The history | of flow is very en- 
lightening and inspiring. Field methods: which were established in 


Repco several decades ago, were widely adapted ; as standards | in mai man _ 


countries. The names of American pioneers, such as Humphreys 
and A Abbot, Francis, ‘Herschel, ‘Hoyt and Grover, Stout, ‘Stevens, Horton, 
: Allen and Gibson, are well known throughout the world. However, many — = 


and deserving men have been forgotten in their own 


oh ag The a aim of this study is to recall the deeds of the American pioneers 


our field of science and engineering, examine their achievements, give 


b credit where itis te and in this way to pz pay y tribute to our r glorious past. 
Motto: nation 1 forgets its loses its future | 


a Note.— .—Discussion open ‘until . June i, 1960. To > extend the e closing date c one month, a : 
ih written request must be filed with the Executive Secretary, ASCE. This paper is part 
of the copyrighted Journal of the at Division, Proceedings of the American So-_ 
University of Notre Dame, Notre Dame, Indiana. 


se Professor of Civil Engineering, 


—' 
— 
— 
— 
— 
> 
— 
— 
— 
— 
q — 


. Byt the 19th century thousands of water 
mills were in unit of. water discharge in use in New England, 


Ps called the “Millwright’ s inch of water”, is identified as the area of contracted | 
i Ss square inches. This z area was s assumed as 62% o of the area | of the ori- 


= _ Some stream measurements must have been made for those senietiabeen. a 
_ The results are unknown, because they were not preserved. . Only a few early — Pat 
, —_———- marks can be found on river banks. The value of river- stage ob- . 
= oo and need for their preservation was still not understood at that time. 


Originally most important task of was s the con- 


_ Project to connect the headwaters of the Ohio River with the sea via the Potomac 
River. Washington, a land surveyor, , investigated the selected route and made 
the necessary topographic and hydrometric measurements. 2 This projected 
~ canal was built in 1784. Two ship locks were installed, the first known in 
America. At the time of oo Baa aes was Commander in Chief of © 
_ The first federal institution for th 7 mprovement c of harbors and navigable ~ 
My rivers was the Corps of Engineers, U. 8. Army, organized in 1802. Occasion- 
al measurements were made by the Engineers for temporary purposes in plan- 
projects. ‘Usually, however, records were not continued and not 
Therefore little is known about early hydrometric measurements. 2 


recites ERA OF THE GREAT NAVIGATION CANALS 


C. E. Sherman reproduced an old report by D. s. Bates of | his 
a4 ‘made in 1824. 3 That report was submitted to the Board of Canal Commission- _ 
ers, which had been appointed | to study projects of a navigation canal a ‘ 
the Ohio River and Lake Erie. - After measuring river flow and estimating the 
. runoff at more than forty locations in central Ohio, Bates recommended the 
Board condemn those investigated routes, since the 
sufficient to feed the navigation canal at the summit. Bates used weirs with 
Rectangular notches on smaller creeks and floats on streams. = His re- 
_ sults, obtained during a drought in 1824, were substantially lower than the low- 
flow records of 1925 and 1930. This difference may be explained by the — 4 
that a century ago . almost the entire drainage area was covered by forest. yp 


wen 


7 ‘Sherman states that “judged by the care with which the work was done, Bates’ - 


_ measurements are entitled to great credit”. 
In 1823 Samuel Forrer, Ohio State investigated another route, 


. Together with» a Commissioner 


2h. Cc. Long, George Washington, the engineer. The Military Engineer, 31 


No. 177, May-June, pp. 172-173. Washington. 
“ by C.& Sherman, Ohio stream flow. Ohio State University Engineering Experiment 
. 73. Columbus, - . 
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HYDROMETRIC HISTORY 
‘Alfred Kelley they measured the discharge of the Sandusky River in August a 
ae 1823, ; and several other rivers in September. _ Two weirs were used, 18 ~ 


wide. _ These) were probably the first discharge measurements, of which there 
‘The method of weir measurement was described in a contemporary peri- 
-odical “Civil Engineer and Herald of Internal Improvement”, Columbus, Ohio, 


e One of the greatest engineering enterprises of that period was the con- s ; 
struction of the Erie Canal between Lake Erie and the Hudson River. ‘The 
original ‘canal was 363 miles long, 40 ft wide and 4 ft deep. It had 83 locks, _ 
90 ft by 15 ft each. The total head of lockage was 680 ft. The a eee 
to accommodate boats up to 75 tons. | - Constructed netesen 1817 and 1825 at a 
cost of $7,000,000, _ the waterway was opened in November 1825 with impres- 
“sive ceremonies. This canal was “the first American school of engineering” — 
and had an enormous effect on the growth 
of New York City and on the technical 
‘progress the United States. Three 
“hydrostatic locks” were established on 
‘hydrometric. devices for measure-— 
ment of the ship displacement. ‘They were 
= for the purpose of toll assessment, 
which was determined by the cargo weight. 
These locks to be “wonderfully ef- 
some gagings were made at 
_ that time, although their records were not 
preserved since the water Supply f for the 
original Erie canal was 1s greatly in excess 4 
the amount required. During the con- 2 
_ struction of the canal it was necessary to 
‘determine the water loss from the canal by 
seepage and evaporation. In 1824 J. B. 
Jervis, one of the Erie canal engineers, 
made such measurements in the eastern 


division, , while Bates made them in the —SAMUEL LFORRER 


western division. The flow of all 


or 


was measured for that purpose. Jervis determined the loss of 2.1 cfs per mile, 
while Bates obtained 1.7 cfs per mile. ‘This uis smaller va value was later confirmed 


by H. Tracy and S. Talcott, in 1839. 
_ Jervis established the earliest continuous observations of the river flow in 
1835, when he was chief engineer of the Chenango canal. The first permanent 
gaging stations were located in Eaton and Madison brooks, in Madison County, 2 
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a iii , History of the canal system of the State of New York. Albany 1906, — a 
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January, 1960 
N. Y. _ The data of 1835 is 5 annibil as the start of systematic river investi- 


§ gations in the United States. ‘The City of New York has continuous records of 
POWER F FOR ‘OR INDUSTRY 


progress in water measurements in England i is with 


development of textile industry in Lowell, Mass.8: 
At it its zenith it was oneof the marvels of the day. It was shown with pride — 
a as the epitome e of all that an industrial ¢ city should be, the Venice of America, 


with its “mile of mills” along the river, its boarding houses for the ageratives, = 


its churches and and public buildings”. 


whole industry ‘in Lowell was operated by Since 1823 
3 ‘targe breast wheels moved all machinery by direct mechanical transmission. 
z _ Water - Supplied | from the Merrimac River through t the Pawtucket navigation 
canal a company | of “The oo of the Locks and Canals o on Merrimac 


ae ‘g power per: year \ was s established “forever” 3 It has ‘not changed s since e 1853. 


- - R. E. Horton, Report of Bureau of Hydraulics, State of New York. nen 1911, p. 


J. G. W. Thomas, The of the locks and canals on Merrimac River, 
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YDROMETRIC HISTORY 


‘stalled it across the for Lowell’s industry. huge 
_ Stallation for continuous water measurement was designed by three skillful 
7 engineers, James F. Baldwin, George W. Whistler and Charles S. Storrow, in ” 
- 1841. The quantity of water drawn from the Merrimac River was measured in ; 
a canal about 29 ft wide and 8 ft deep. A large gage-wheel, 16 ft in diameter, _ 
consisting of seven coupled wheels, each 10 ft wide, with a supporting pier be- oF 
tween each wheel, was assembled across the channel on a horizontal» shaft. : 


The channel at that site was enlarged to 80 ft, and the depth reduced to « 4. 5 ft. 


ellas the pier surfaces. A series of 24 paddles \ were attached radially 


4,—JAMES F, BALDWIN 

around the Ties their lower part prone Thus the water pushed the 
_ paddles and rotated the gage-wheel. The volume of water entrapped between — 
paddles was determined by computation. number of revolutions of the 
_ wheel was counted by a clock- -work, connected to. one end of the shaft. , The ve- Be 


4 locity of water in the channel was 2 fps to 3.5 fps, the water discharge 400 cfs 
to 600 cfs. 9 By its dimensions this gage- -wheel was s probably the largest ie 


a 9 F. Van Winkle, Stream flow at ‘single « cross-section. - Power and the | ngineer, 


(1910), part 2, Aug. 30, pp. 1553-1557. New York. 


_ 10 The first gage-wheel, a ‘molinetto,” was constructed by an Italian Francesco 
Domenico Michelotti in 1767. (G. Masetti, Descrizione, esame e teoria di tutti tachi- __ 


 — metri idraulici fino ad ora conosciuti. Bologna 1824). The same idea was applied = a; 


- an Australian engineer J. S. Dethridge for measuring irrigation water in 1913. (An | 
_ Australian water meter for irrigation supplies. Engineering News, —70(1913), No. 26, 


25, p. 1283. New York), 
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EARLY RIVER INVESTIGATIONS 


| 7 The aim satis first travelers along American rivers was discovery and ex- 
cout, 


a In 1804 Thomas Jefferson ordered the first pocriocnsoedl across the country. 
Two officers, Meriwether Lewis and William Clark, with a party of 46 soldiers 


In 1821 Simon Bernard and Joseph Totten led an icine = boat along — 


g Ohio and Lower Mississippi rivers for navigation purposes. Ina report!1 
one | falls of heed Ohio River and cond bars the 


were of a more > general character. . In 1836-39 Jean Nicolas Nicollet explored 


earlier river i were difficult a and pariions, particularly in 
Joseph C. Ives explored the nea part of the Colorado River in 1857-58 and es 4 


- 


; 4 the wild west. 
"Presented an interesting report.12 An iron ship, 5 50 ft long, witha steam engine, 


Ss. Bernard and J. Totten, Report of the Board of on the Ohio and Mis-_ 


-gressional Documents No. 1068, 131 
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went up the Missouri River by boat and after crossing the Divide continued ay 
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Washington 1861, Con- 
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_ was built ina workshop in Philadelphia, Pa. The sections of it were trans- 7 
. ‘ported by ship, over the Isthmus of Panama by railway, a: nd again by seaway ci 
to San Francisco, then to the head of the Gulf of California. Here, at Robinson’s = 
Landing, the steamer was assembled and launched at high tide. The expedition “* 
observed the river level fluctuations on a gage and registered gare nl 


data. The party reached the Grand Canyon by the ship, called the “Explorer” 
d d b k- f mul 
an continue investigation by a pack-train of mules. 
‘The dangerous and treacherous” canyons of the “Colorado River were ex- 
plored by J. W. Powell in 1867-1878. Powell was “one of the most colorful 


figures on the American scene”.13_ Mostly self-educated, one-handed (as 


_ Captain of Artillery of the Union Army, he lost his right arm in a battle dur- — 
ing the Civil war in 1862), ‘Professor of geology at the Illinois Wesleyan Uni- 


versity, Bloomington, Ml, and c curator - of the Museum of Natural History of 
- Illinois, he organized and led several expeditions to the Rocky Mountains and i 
the Colorado River 1869 with a of nine men 


MEASURING WHEEL IN MERRIMAC CANAL, 1841, "RECONSTRUCTION 


accomplished his famous wn adventurous descent in four boats through a thou- _ 
Sand miles of canyons. The travellers were exhausted by passing dangerous - 
rapids, their equipment and was lost, and food ran short. Three men, 
who returned earlier, were killed by Indians. The second expedition, better 7 
equipped, repeated the journey along the Colorado River in 1871. The program > 
Ss this expedition i inc luded some hydrometric measurements. High water forced — 
‘the | party to discontinue their trip before they reached the Grand Canyon. The > 
purpose of these explorations was to study topography, geology and hydrology 
a the region, for conservation of the natural resources and for possible “ll 


gation of the arid West. . Powell was } the first person to anticipate the a 


Ww. Darrah, Powell of - Princeton on University 
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_ storage dams on the Colorado River. r. His reportl4 was published in 1875 ane 
q has been reprinted many times in and books of adventure. 


for the first "discharge measurement of a large river. “In the 
F Bago he visited the Niagara Falls and decided to determine the power of 


_ that “marvel of the world.” Wiest of all, water discharge was to be measured. 


af 2 7 
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OF THE COLORADO R 
or Allen complained: 15, “Very little attention appears to have 
en hitherto bestowed on the investigation of the comparative volumes" 
a water discharged by the great rivers of the globe”. - Conditions in the Niagara 
River were quite favorable, since the discharge fluctuations were less signifi- 
cant than in other rivers. A reach was selected below the outlet from Lake 


Erie, where almost uniform depth 
sections were measured, 600 ft apart, and surface floats were run 


— yw, ‘Powell, Exploration of the Colorado River of the West and its tributaries. 


> Washington 1875, 291 Pp. Abridged: Chicago 1957, University of Chicago ‘Press, 138 p. 


Allen, On the volume of the Niagara River, as detuned from measurements 
a gaia in 1841 =. E. R. Blackwell, and calculated by Z. Allen. The American Journal of | 
“Nov. 1843, PP. 73. New H Haven. 
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E. R. Blackwell was in charge of these aaa surface velocity 
7 was as high as 11.75 fps. Following the Eytelwein formula, the average veloci- 
ty on the verticals was taken as 0.90 of the ‘surface velocity. , The water dis: 


computed the power of Niagara Falls as6, 800, 000 hp, 2/3 of which, or 4,500 900 
hp, could be used. This was 40 times more than the power of the whole in- | 


_ dustry of Great Britain at that time. The value of total power, rounded to 


7,000,000 hp, was repeated by everybody for about 100 yr. The true average 


discharge of the Niagara River since 1860 has been about 203,000 cfs, a 


4 = minimum 117,000 cfs, and the maximum 254,000 cis. ‘Thus, the first 


Py: 


FIG. W. POWELL 
WATER IN THE WEST 


stantuiieds of the West was stimulated by the gold rush to Colorado : 


rs California in 1849. Increase of population created food demand, which result- 


The writer repeated the com 


_ ed in irrigation. 1. Water was essential in mining g and in agriculture. » 5 Water i i 
the West had literally the value of gold. Water was a condition for coloniz 
—_* and d life. The first v water r measurements f 


as of 340, 000 8 nhl feet per second, about 10 per cent less than by Allen. — ce 


— 
La 
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Sanuary, 


ty of water discharged through a rectangular orifice of 1 sq i in. area under | 2 
bi certain head for 24 hr. A device for the control of delivery was also called > 
“the inch.” The oldest Colorado inch, earlier known as the Max Clark’s gauge, _ 
was a wooden chamber, 12 ft to 15 ft long, with a sluice-gate at the upper end | 
= and a rectangular orifice at the lower end. A horizontal slide could open the _ 
_ desired width of the orifice. The Colorado law! fixed the following saad - 
a. Every inch of water shall be considered equal to an sian square orifice 
under a 5-in. pressure, », and a 5-in. . pressure shall be from the top of the ori- 
Ee fice of the box put into banks of the ditch to the surface of the water, ... and wa 
a said box put into the banks of ditch shall have a ge grade from a: 


» livers 2250 cu ft of water per 24 hr, equal e 
to 0.026 cfs. The magnitude of miner 
g inches varies inthe Western states: 1 i1 a 


California, Mexico, "Maho, 

Utah, ‘Washington, Nebraska, Dakota, 

by N. Dakota and Kansas it equals 0.020 cis; 
andi in British Columbia (Canada) it is 0. 028 
cfs. This 1 variance resulted from the dif- 
_ ferent assumed head, from 4 in. to 6- - 
in. The use of units has led to 


q 


Many improved types of meters 
were designed in the West. In 1886 A. De 
; Foote offered his water meter with a4-in. 


 Inold times and Mexican mis- 

vations. _ Henry B. Lynch collected scattered records from various diaries on = 


rainfall and runoff data in Southern California, and some lake- level obser- 
_ vations, and published them in a pamphlet. 18 He found that there had been no 


material change i in the mean climatic conditions in that region in the 162 : = 


EARLIEST OF THE MISS I RIVER 


oldest hydraulic e engineering work in th the Lewes er was ‘the de- 


which b : 


18H. B. Lynch, Rainfall and stream runoff in Southern California since 1769. Lo 


— 
‘Here the “Miner’s in e oldest units 
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from practice, they remain 
displaced by weirs = 
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The records ofriver floods were originated Sargent a at Na Natchez, 


tinued by Samuel Davis to 1841 and by Caleb G. to 1848. Later these 
observations were transferred to Carrollton, La. Stage were made 
_ on temporary gages at certain permanent points during high water —— 
Continuous daily observations were established in July, 1846. = = | 
‘The first efforts to measure or to estimate water discharge and the rate of 
sediment transport began about The pioneers in of the 
a... 1) Andrew Talcott, noted astronomer, who investigated the Delta of the 
2) John Leonard Profess sor Medicine, who made measurements 


12.—MINER’S INC 


Andrew Brown, who carried on observations at Natchez Miss., 
4) Robert A. Marr, Lieutenant, U. S$. Navy, who measured the flow | of the ce 


_ 5) Charles Ellet, Jr., who determined the runoff of the Mississippi River a 
_ below the Red ped during two 4a of flood in 1851 and evaluated the an- _ ; 


6) Caleb G. Professor, U. s. Military Academy, who investigated 
The measurement of discharge of a large river was extremely ‘difficult, 


= 
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“ty, January, 1960 


4 
highly praised the pioneer work voluntarily by 
Inthe famous Mississippi he pays tribute to him in 


rile 


“Professor Forshey is entitled to great credit for the zealous and intelli- _ 
gen manner in which he devoted himself, for many years . . . to observing and © 
nee facts relative to river phenomena, without aid from any source what- a 
ever, he thus accumulated a mass of valuable material. When it is considered 
~ how difficult and costly perfect observations are, of the character of some of 
= made by him as an amateur, it is a matter of surprise that so much : 
_ Should have been done by the unassisted enterprise of a private individual. ¥ 
At that time river discharge was measured by primitive tools means. 
Marr fitted a line across the river and supported it by cork-floats in order to 


—CALEB FORSHEY FIG, (14, .—CHARLES ELLET 


keep it on the surface. A weight on a string was used for depth sounding. — “. 
floats (wood chips) were run on a 1-mile course. surface 
_ so determined was then reduced 10% to obtain the average velocity. The river _ 
cross section was divided into three parts, the average depth of each part — 


width and by the average velocity. ‘The sum of these three 


runoff was computed to be 13,709,006,232,791 cu ft per yr. Saar ~ = 
_ Samples of water were taken daily from the surface at the middle of | the 7 
“river. _ Experiments ‘showed that the concentration of silt increased with the 


depth. The sediment was equal to 1/2950 part of water flow.19 “il 
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— ... A. ervations on the Mississippi River, at Memphis, Tenn., 
1850, to March 1, 1851. Appendix to the Washington Astronomical Ob i 
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of some of the earliest ‘determ ations or estim 


Mississippi River in = feet per second, are as follows: 


Talcott, bef before Delta, July 1838 
Riddell, at New Orleans, 1843, 000 
Marr, at Memphis, 1850 000° 
Ellet, below Red River, 1851 


in 1860 correctedto 
_ a spite of the inadequacy of early methods, some results of these determi- 
nations are quite acceptable. The annual discharge for for the last 25 yr 
been co: computed as follows: 


River at Memphis 

at Red River Landing, 620,000 cfs 

its Marr estimated that only 1/1200 part of the rain-water falling in the valley 


the Mississippi River reaches the Gulf.  Ellet corrected this figure. . He 
aay ev evaluated | the runoff coefficient for the Lower Mississippi to be about 0. ee 


CHARLES ELLET AND THE OHIO RIVER 
ss The real pioneer in hydrometry was the eminent civil engineer and hero of 
Charles Ellet, Endowed with exceptional | capability and 
- courage, educated in France, he built bridges, planned navigation canals and 
flood-control works. The success of his last invention, the armored ram-boat, 
_ was crowned by his dramatic death on the Mississippi River, il —_— 
B. 1849 Ellet constructed the suspension bridge over the Ohio River a 
Wheeling, W. Va. The bridge was 1010 ft long and at that time its span was al 
the longest in ‘the world. A storm destroyed this bridge in 1854. During con- a} 
id struction of the bridge Ellet displayed great interest in the Ohio River. He 
Begreecs data on water-stage observations, beginning in 1838, and established — 
a discharge-measurement section in a suitable location. The cross-section at 
a this station was divided into four parts and the surface velocity was measured 
in each part by properly loaded floats. The ' Prony formula was applied for Te= 
: - duction of velocity. The water discharge was computed by multiplying average 
velocities by partial areas and taking their sum. Ellet alsodeveloped a stage-_ 


_ discharge curve. The gage readings were reduced to the water depth over a . 
4 downstream sand bar. An empirical equation Q = = a h2 - - b h3 was established, .. 
dt: where a and b were constants, and h the reduced water height. The actual re- 
_ lationship was more complicated, because the water-height reduction varied 
with the river ‘stage. Th This equation was applied for the translation of | 
* stages into | discharges. Hs From 1843 to 1848, the daily discharges were pub- 
lished. The average discharge was computed as 26,500 cfs. Recent data ef 
— the 25 years, 1914 to 1938, shows the average discharge of the Ohio River at 
Wheeling as 37,760 cfs some 30% greater than computed by Ellet 
In November — Billet was to the means of protect- 


‘ments of slopes, cross sections, 
, 


ations of the 
4 
— 
— 
| 
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| 
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a and velocities in the Lower Mississipp 
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o--5 is" “in some point about midway between the surface and the bottom, 

therefore the velocity is about two per “cent. greater than the average 
Be surface velocity.” He simply assumed that the measured surface velocity is" 
equal to the mean velocity. Ellet derived his own binomial formula for the 
computation of velocity as a function of the maximum depth and the slope.? 20 
_ Ellet expressed an interesting opinion ‘concerning hydrometry:21 eed 
“We are but little aided in determination of the facts attending the drainage | 
(of a country, and the ‘discharge of its 1 rivers, by the labor of philo-— : 


Presenting the data of the Ohio River for six years, Ellet 
“his belief that such a work was eahene, ° “never to _— been made for any other Bo 


THE MISSISSIPPI DELTA SURVEY, 1851 - 
landmark in the study of rivers was reached in 


‘toning an Act of Congress the Bureau of Topographical Engineers, War De- a 


_ Calparty. The instruction listed kinds of works to be “commenced and prose-_ 
_ cuted”: the determination of a transverse section of the river with the utmost a8 
_ care and precision, | the average velocity of the river currents, with the utmost a 
. each of the different stages, the duration of each stage, the amount of water B) : 
Z Za 20 Ch. Ellet, Jr., Report on the overflows of the delta of the a ) 
11852, Congressional Documents No. 614, pp. 13-106. 
21 Ch, Ellet, The Mississippi and Ohio rivers. 


22 Ellet was not entirely correct in this point. As far as is known, the first pew in Hi 
"runoff computation was made by the Swiss professor Hans Conrad Escher for the Rhine a 


= it by one float ‘Measurement and assumed a constant slope, ‘prepared a discharge table 
for every half foot and computed daily discharges (Estimation de la masse d’eau fournie — 
 annuellement par le bassin du Rhin dans la partie suisse des Alpes. Bibliotheque a 
-verselle des sciences, belles-lettres et arts, vol. 17, 1821, No. 4, Aoit, pp. 274- 283. 
= Genéve). The French engineer Andre Baumgarten was the first to construct a discharge 
- curve, in 1840. The famous Hungarian engineer Paltol Vasarhelyi applied such a curve > 


“ the Danube in 1841. - _ The Italian engineers ere Venturoli and San Bertolo com- * 


used surfa fa500 ft reach. He made ex- — 
periments with t ionship between the surface and 
1% mean veloci for the computation of _ Usj s submerged _ e 
— 
— 
_ the determination of the daily and annual discharge of great rivers, and the — ~~ 
= § comparison of that discharge with the annual fall of rain for the climate, so as a 
|. 
— 
— 
| | 
— 
= 
— 
4 
i 
7 This data was reprinted by Nathaniel Beardsmore in his “Manual of Hydrology”, London oe i = 
= j§ 1862. Nevertheless, Ellet was the first man in America to study this problem, as well __ 7 i 
as to apply an equation of a discharge curve, and to compute the runoff. 


HY1 
annually river channel, the magnitude of 


‘The | survey. was “with great industry” was by the 
<a of the leader. The zeal of Humphreys induced him to remain so the 
and so late in the field that he became seriously ill. He returned t to weeking> 


ton and after rec: recovering was sent to Europe to study waterways. The survey 

_was resumed in 1857 when H. L. Abbot was appointed as the assistant to the - 
% Survey. Investigations continued and were finished in 1860 with the publication | 
of an impressive report.23 In its 610 pages and 20 plates the large volume ; 
contains a study of the history of river hydraulics, 2 an experimental theory of : 


for protection against floods. 


.15.-A, A. HUMPHREYS FIG. 16.—H, L, ABBOT | 


os This great American treatise overshadowed all previous hydrographic works 
id became famous all over the world. Abstracts were translated into German, 


Heidner, Grabenau, K. R. Bornemann, A. G. Wex, C. K. ‘Aird, W. 
_ Kutter, and F.Grashof. They were continued in the United States by D. Farrand | 
Henry, S. 'W. Robinson, B. Eads, gE. McMath, and also by both o of f the 


_ 23 A. A, Humphreys and H. L. Abbot, Report upon the physics and hydraulics of the _ 
_ Mississippi River. Professional Papers of the Corps of Topographical Engineers, No. 
4. Philadelphia 1861, 610 p., 20 pl. Second edition: Washington 1876, 25 
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1960 
_ Mississippi River investigations. Velocity distribution along the verticals was = - 
= investigated and a parabola with a horizontal axis below the surface was ac- 
_ cepted as a law of velocity distribution. “The curves indicate the existence of — 
a law, although the discrepancies are too great to permit the deduction of any P. 4 
a algebraic expression for it.” A one-point or mid-depth method was suggested | 
_ for routine measurements. . Correction to the mean velocity being taken — 
s. 0.963 to 0.986, depending on the magnitude of velocity. ‘aaa ae ‘ 
Humphreys and Abbot derived a complicated formula for the average ve- 
locity as a function of the slope and the cross: section. In 1869 it inspired two _ 
Swiss engineers, E. O. Ganguillet and Kutter, to American data with __ 
that from Europe and establish their renowned formula which was widely used 
in many countries for almost 80 years. 
2 ‘The measurements of the Mississippi brought out the fact that the river dis- 
_— eaaege is up to 20% greater at the same stage when the flood wave is rising, » 
ie during the falling stage. A 
obtained instead of a curve. The 
me sa same fact was found later in the Danube 
River in Hungary and in the Volga River 
in Russia. Humphreys and Abbot simply 


an average curve for their runoff 


computations. _ The mean monthly water — 
stage was converted directly into the — 
average monthly discharge. The average 


runoff during the years 1851- -1858 was 7 
computed to be 675,000 cfs. ¢ It corr = 


¥ 


sponds to 7.37 in. renee depth from 
_ the total drainage area of 1 1,244,000 sq 
miles. Assuming the average rainfall of 
30.4 in. over the entire area, the runoff wi 
coefficient was computed as 0.243. 
This monumental workon the Missis- 
River still retains its historical i im- 
portance. Particularly valuable is 
_ Chapter III, State of Science ofhydraulics 
as applied to rivers, which is “partly 
original and partly compiled from simi- — 
lar notices by Rennie, -Lombardini, 
 Storrow and others and from vario various 
CURRENT METERS AND DANIEL FARRA FARRAND HENRY 


the 19th discharge measurements in America were 7 
"made by floats. In Europe current meters were preferred. Oe a ae 
= Pie current mater of a screw type was developed by a German engineer R. _ 


/-Woltman in 1790 and continuously improved by L. G . Treviranus in 1820, 


pa 24 Further investigations by I. E. Houk in 1918, E. Beyerhaus in 1921, H. Lang in 
_ 9 1931, showed that the slopes, on which the Mississippi formula was based, had been _ 
a ermined erroneously, ten times too low. As a consequence the popular Swiss formula __ 
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HYDROMETRIC HISTORY 
A. Baumgarten in 1847, es Amsler- Laffon in 1872, A. R. 
_ Harlacher in 1881. A current meter of this type, manufactured in London by i 


% an American mechanic Joseph Saxton, about 1836, was imported to the United - 
= States and tried on the Lower Mississippi in 1858, but did not perform satis- a 
-factorily in silt-laden water. Similarly, Allan Cunningham rejected the un- qi 
satisfactory current meter and carried on his famous investigations on Indian _ 
aa in 1874-1879 with double floats andfloating rods. 
= x The first American who constructed and successfully applied his current 4 
meter, was Henry. — He also introduced several important improvements into a 
“the methods < of measurements. s. Uncommonly talented since childhood Henry 
_ surpassed his contemporaries, but his ingenuity was not recognized. He is 
better known in Europe, although | his name is often misspelled in the ~Aatines 
as Farrand Hay or D. .H. Farrand. ‘While engaged in outflow meas-_ 
aes of the Great Lakes into the St. Clair, Detroit, Niagara and St. Lawrence > 
7 & Rivers, Henry found floats unreliable in conditions of irregular flow. In 1867 t 
_he designed and made a “telegraphic current meter”, outfitted with an 1 electric 
transmitting signals of its rotation. Henry tried runners of two differ- 
_ ent types. The first was a screw encaged in a cylindrical ring, the second had — 
7 four hemispherical cups rotating on spokes around an axis transverse to the 
current, actually using the flier (rotor) from one of the T. R. Robinson’ s ane- ] 
25 
= An electric contact was made once each revolution of the run 
7 ner, and the signal was transmitted by insulated wire to a battery and auto- 
~ matic recorder, similar tothe Morse telegraph. This innovation was extreme- 
a ly important, “because it was no longer necessary to lift the current meter a 
the surface after every observation to read the counter. Electric transmission 
and recording allowed longer observations at every point for investigation -. 
stream pulsation and provided perfect control during the work. 26 eee -2 
Instead of a supporting rod to keep the current meter fixed at selected — 
Pp points, Henry introduced a steel line, stretched out between a heavy weight «a 


_ ing on the bottom and the observer’s stand. The water impact on the rod was a 


i considerably reduced in this manner. 27 "The innovations introduced by Henry 
t. . He should be credited as one of the most eminent 
stream- -measurement pioneers in the United States, although he has been — 


tually forgotten in his owncountry, — 
i In his reports Henry emphatically « condemned floats, which move faster than 
the water in which they | are immersed. He recommended that all discharges 


_ Abbot, of the famous yh River team, was obliged to defend the a . 


nie 25 D. F. _ Henry, On the flow « of water in in canals and rivers. . The Journal of the Frank- 
_— Institute, 62(1871), No. 3, 4, 5, 6; 63(1872), No. 1, 2 and 4, Philadelphia. Separate 
: er with 1 appendices: Flow of water in rivers and canals. Detroit 1873, 86 p., ll pl. 


x 6 - In Europe the electric transmission was adapted in 1872, when prof. Ch. M. Ruhl- 
Be _ mann suggested that the Swiss manufacturer J. Amsler-Laffon introduce such an inno- 
vation. Still earlier, about 1859, a French engineer Ch. Ritter inspired Salleron, a me- 
_ chanic in Paris, to arrange a galvanoscope for recording signals sent by current meter a 
__ with electric contact. This instrument was unsuccessfully tried in the Bosporus Strait - 
 insalt water. A. R. Harlacher, who first introduced electric a into European — 


a The idea of a flexible rod was tested in Europe several 1 times, and is s again becom- 
Lugs ‘ 
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modern is to s to be with the introduction of an- 
ms current meter with electric signalization. This current meter was pone - 
: in the sea water of San Francisco Harbor in 1877-1878. Abbot’s meter was of | 
3 a screw type with a horizontal axis of ‘rotation. . The axle entered a closed > . 
box, filled with oil, which protected the electric contacts against salt 
_ water. One half of the axle was made of agate, the other half of platinum. A 
_ spring touched the rotating axle and interrupted the current for half of each 
28 Acurrent meter of almost identical type was constructed by _ 
ae Deacon in Great Britain about 1881. It had changeable contacts and gear- ' 
box filled with liquid paraffin or mineral oil, 


a 
Rapid progress in methods of hydrometry can be seen in the a 


a _ 28 Current meter with a horizontal axis, but without electric contact, was used by J. 
= Révy in another part of the Western Hemisphere, on the great rivers of South America, __ ; 
in 1870-1871. Julian John Révy was a Hungarian engineer in the service of the British e 


government. Reévy attached his meter to the end of a horizontal pipe, lowered on two 
_ cables by bifilar suspension. He applied an integration method of velocity measurement | — 
5 shiftingthe meter uniformly along the vertical. Révy published the results of his expe- 
_ dition in the book “Hydraulics of Great Rivers - the Parana, the Uruguay and the La 
a Plata Estuary”, London 1874. This book became famous, like the Humphreys-Abbot 
Mississippi Report. It was abstracted in all technical periodicals of that time. In 1874 — 
the Van Eclectic in New York reprinted four reviews. 
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Th. G. Ellis to this work. k. Humphreys was at that time Chief of Engineers, 
im Ellis selected the site for measurements near Thompsonville, Conn., above : 
the Enfield Rapids, beyond the influence of tidal fluctuations. He had to use ia 
double floats, but preferred current ‘meters. . One meter of the Baumgarten — 7 
: type, manufactured by Secretan in Paris, was imported from Europe and im- ; 
proved by Clemens Herschel in Boston. The second meter was constructed by ; 
Ellis himself, following the advice of Henry. Four conical cups were installed — 
instead of hemispheres. The electric contacts were similar to of Henry’s 
meter. type became known as the Ellis meter. 
oa Ellis investigated velocity distribution along many verticals both with ‘aims 
floats and with a current meter. Floats on 84 verticals showed on the average 
4% greater \ velocities. - Velocity distribution 1266 in number, were 


| 


or 


9 G. ELLIS FIG, 20. —ELLIS METER 
was determined for the mid- wn wateetions. this method was iankaianiad on the 
7 Mississippi River. Ellis also tried the method of integration along the verti- 7 
_ cals, in a similar way to that which Revy did at the same time. ——, - few years _ 
a later this method was introduced in Europe by Harlacher. Ellis confirmed the yas 
a parabolic law of velocity distribution, with a maximum below the surface. He 
used current meters, therefore his results were more accurate and convincing 
<4 than those previously obtained on the Mississippi with floats. A discharge curve = 
was constructed for the Connecticut River, with two branches— for rising and aa 
falling stages. Daily discharges were computed for the years 1871 to 1877. | 
The 7-yr average discharge was found to be 20, 100 cfs. ee present value i 


16, 150 0 cfs, or or 25% less. nes 
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UNITED STATES COAST SURVEY 
elements in 1 hydrographic work at sea include stage (tide) ob- 
servations, depths and current measurements, and sampling of water and > 
bottom specimens. This area in the United States is represented by the Coast E- = 
- Survey, established in 1807, actually revived in 1832, and since 1878 known as ‘Xe 
the U.S. Coast and Geodetic Survey, 

a The first Superintendent of the Survey was Ferdinand R. Hassler, a re- 
B _nowned Swiss geodesist, who ) developed geodetic and hydrographic work in ex- 
lar tremely difficult circumstances. He started studies of tides and currents. Eo 

‘successor, A. D. Bache, the first President of the National Academy of an 
ces, was a promoter of many technical improvements. | He proposed a method — 
graphical presentation of currents on nautical charts. ab Series of lines 
_ drawn at distances inversely proportional to the velocities, similarly to the © 
g stream lines in the flow nets. In 1847 J. N. Maffitt applied this method in the 

ay devices for depth sounding ng were invented and improved. M. F. Maur 
; ntroduced wire instead of hemp sounding line. It is known that Governor 
# § Winthrop of the Massachusetts Bay Colony made efforts to obtain soundings 
. and to take water samples along the North Atlantic coast of the United States 
g . early as 1663. He tried to use a sounding device without a line, invented by 


Robert Hooke in Great Britain. In 1854 J. M. Brooke, cadet of U. S. Navy, in- . 
vented a deep- sea bob ‘with a dumping weight.¢ 29 ‘This ingenious de- 
B. F. Sands in | 1857. _Sands also used 


measures the wey a the sounding ‘nik the reading of the number of revo- 

_ lutions replaces the measurement of the length of the wire. . In 1859 W. Fe 
ee improved this method: he adopted | a mechanism of the Saxton 7 
current meter for greater accuracy. Two meters were attached to a frame of i 

aplummet: one registered movement down, another up. 

_ An apparatus with an air bag and manometer was designed by E. B. B. | Hunt _ 

and tested by W. G. Temple in 1857, long before the pneumatic principle was — 

_ introduced into hydrometric practice by W. Seibt in Germany, in 1898. Hunt — 

anticipated a “hydraulic transmission of the pressure difference, which was 
adapted by the Hungarian ¢ engineer S. Hajos to his” profilograph” 
sounding were displaced byt the sounding invented by 

7 William Thomson (Lord Kelvin) in 1872. uk D. Sigsbee improved and intro- 

@ duced this machine into the practice of the Coast Survey, =~ 7 

_ Instruments for observation and transmission of water-level fluctuations 
q developed for various c conditions. In 1857S. Trenchard designed dis- 

g gage: a cotton belt, connected to a float, passedo over a roller and stretched 
- by a counterweight. A number on the belt, readable from a distance, showed 
4 4 the actual water stage through a window. In 1857 H. Mitchell made a swinging 


gage for the open sea: 1 60-ft long pine Spar was fixed at the bottom by a hinge, 
the upper part was floating in an inclined position. A pendulum at the top 
helped to read the angle of inclinationof the spar for computation of the dep ; 
= length of the eS part could be read en in in aglass tube attached 5s, 


- my 29 Russians claim that a similar device was invented by the first Emperor of Russia, 
Peter the Great, about 1710. Actually, G. Aimé, a French oceanographer, such 
a instrument 1843 and it the coasts: of 
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aes. 
HISTORY 
E to the ‘upper part = the spar; a colored glass bu ae was an index for read 
self- -registering gage, the first in America, was constructed in 1845 by 
Saxton, a famous mechanic of precision instruments, and introduced into prac-_ 
— tice by Hunt in 1853. The instrument had a wire transmission from a float 4 
a pencil, anda pendulum clock for the shifting of a paper sheet. This gage was 
- in operation at the mouth of Southwest Pass of the Mississippi River from nen J 
1859 to June 1860, during the Delta Survey. . A more enduring mareograph was 
built by R. S. Avery, who also wrote a detailed manual on “Methods of regis- 
tering tidal observations” in 1876.00 
_ Floats were generally used for the observation of currents a In 1877 H. L 
ey eo Marindin described their use in the investigations of the Mississippi — 
outlets: a simple can-float for surface velocity and adouble float for measure- 


a ment at depths. A loaded barrel was connected by a piano wire to an ellipsoidal 


2 
B. FRANCIS FIG, 22. =A, FTELEY 


- In 1849 G. M. Bache invented a self-closing deep-water sampler. In 1860 : 
Mitchell made a device for collecting specimens from the bottom in alluvial 


harbors. . Sigsbee devised a clam-bucket type bottom sampler. a 


cc. Ww. dain honored the 16 following “great hydraulic engineers of New 
: England’s classic period”: L. Baldwin, Storrow, J. B. Francis, U. A. Boyden, 
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surface flo is opinion that the only way of obtaining relia 
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s. J. 
-T. Fanning, Herschel, D. FitzGerald, E. B. F. P. pow" R. 
Freeman.30 Boyden is known forhis many improvements to water wheels and ,* 
_ sometimes is credited with the invention of a reaction turbine. He introduced — 


= hook gage, an excellent device widely used in hydraulic laboratories. 


a tentiee, which he patented in 1847. In 1915, at the occasion of the 100th anni- 
of his birth, K. Keller, a German engineer in Munich, , wrote31 


turbines , the name of f James Bicheno Fr Francis will stand as that of a great hy 
a Francis was chief engineer of the Merrimac Company for 48 yr (1837-1885). 
- order to correctly distribute available water among various mills, Francis © 
an made many experiments on the flow over weirs and in regular channels, and B 
S tests of hydraulic | motors. He discovered that many, if not all, of the mills » 
were using more | water than they were entitled to under their water- -power 
rights. Daily records of the Merrimac River flow were kept by Francis 
Lowell, Mass., from 1848. They are, however, not complete, because the water — 


"discharge was recorded for only a sa _ —_— each day, when the mills were 


‘Lowell, established the first hydraulic laboratory for turbine 
testing. Then the turbines could be used as water meters. . He calibrated a 

-ft long rectangular weir with side _ contractions and derived a convenient 
e formula, occasionally used even now. This pioneer investigation was published | 


his classical report. 32 Francis used r rod floats his measurements in 
ms channels. His formula for correction to the ; average : velocity, published in the 


third edition of his work, was well known. 

Two other engineers from Boston, ‘Fteley Stearns, made many hydro- 

measurements for the Sudbury aqueduct of Boston between 1875-1880. 
_ A rectangular weir was used for discharge measurements. Efforts were peo 
; to improve the Francis formula, withonly limited success, however. A current 
meter of the Ellis type was found unsuitable in those conditions and an instru-_ 
ment of original design was constructed. | It had a fanlike runner of 6 to 10 
_ blades fixed inside a ring and rotating around ashort horizontal axle. Electri- 
cal indication of the revolutions was applied. The Fteley-Stearns current 
meter was sensitive, but delicate, more suitable for laboratory conditions, and — 
did not find broader acclaim. ~ During calibration of the meter for the first 


time its action was investigated at oe angles. In 1876 a recording gage, — 


made by Fteley, was put into operation. In 1881 the results of 5-yr of obser- ¥ ; 


vations were published. 33 They were rede os as the most accurate and syste- 


matic in the United States up to thattime. 


neering ‘News- |-Record, 107(1931), No. 13, Sept. 24, pp 475479. 
5 a 31 Tribute to James B. Francis (Editorial). ere Record, 72(1915) 


Re: 32 J. B. Francis, Lowell hydraulic experiments. 1855, 156 p. 15 pl.; 


= 1868, 286 p. 23 pl.; 3 ed. New York, 1871, 4 ed. 1883, 5 ed. 1909. _ A part of this i 
a translated by K. R. Bornemann and published in the German magazine “Der Civil- 


ingenieur”, 2(1856), No. 6, pp. 163-186, in Freiberg, Saxonia. 


A. Fteley, The flow of the River, Massachusetts, for the to 
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In 1883- -1885 investigated water flow in ‘the Boston con- 


= _ duit. A current meter mounted at the endof a rod was introduced into the con-— 
through a manhole. A special device was designed to keep the 


desired point of the conduit section. 


plied to a hundeed textile mills. About 1880 he arranged the famous Holyoke — 
testing flume, where he tested turbines, which were later usedas water meters. — a 
Part of the water was drawn by pipes to some twenty-five large paper ‘mills 

- and used for washing. Looking for the possibility of measuring the water flow 

in pipes, Herschel incorporated a throat into a pipe. Simple manometer read- -— 


ings” gave the difference in pressure in the e pipe and in th the throat, and the : 


FIG, 23.—RECORDING GAGE USED BY FIG, —FTELEY- STEARNS CURREN 
FTELEY IN SUDBURY RIVER, 


and ina 9- ft. pipe. He called it the venturi tube in honor of fp aceosary Battista 
- Venturi, Italian scientist (1746-1822), who first demonstrated the phenomenon — 
of pressure Gwenn: in a throat in 1797. oh diffuser was added to regain the 


venturi to be a convenient and an accurate device for 
_ water measurement and d recording. The two oldest venturi meters were in- pS 


> ‘stalled into the water main of Newark, N. J., in 1892. They were in operation 


q 
Herschel, The V Venturi water meter. Transactions, ASCE, 17(1887), pp. 228- 
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January, 


water A throat of 7.75 ft was located in the concrete tube 17.5 ft in 
ameter, 111 ft long. In 1929, when Herschel was 87 yr old, he wrote36 all 
. dramatic “Farewell word.” At that time more than 40,000 venturi meters ¥ were 
in operation. The renowned water engineer J. J. R. Croess, at that time Presi- 
dent, ASCE, said in 1900, that the invention of the venturi meter was sufficient 
t Hip: make the last quarter- century noteworthy in the annals of scientific prog- 
? Furthermore, in 1920, Herschel proposed an improved type of overflow weir 
_ for river gaging: a submerged weir with the upstream face sloping 2 to 1 and | 
a 2-ft wide crest. A perforated horizontal tube was to be laid along the crest By 
for head measurement and a device provided for automatic ee of the 


Ay 


are. Hydrometry is indebted to Herschel for one more achievement. In 1897 he 
visited Italy and found in the monastery of Montecassino an old Latin a 
script “De aquis urbis Romae libri II”, written by Sextus Julius Frontinus, the © 
water commissioner in Rome, about 97 A. D. Herschel procured a photographic 


copy of this interesting document, translated it into” ; and published it 


35 L. M. Leedom, Two old veterans retired by Newark. ‘Water & Sewage Wo 


rks, 99 


Cc. A farewell word on the meter. News-Record 


102(1929), No. 16, Apr. 18, pp. 636-637. 
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aunit of water quantity. used old Rome. Actually it was the diameter (5/4 of 
‘ 3 i a digit, 1/16 of a Roman foot) of the nozzle, carix, which took water from the 
2. Ul aqueduct or reservoir, regardless of water pressure and velocity of the out- 


flow. _The of ‘Herschel i in the cemetery at Watertown, Mass -, bears 
a 


_MISSISSIPPI RIVER INVESTIGATIONS A AFTER 


Kae 


Corps of Engineers, reestablished regular 


FIG. 27. —OHIO RIVER AT PADUCAH, 
River. A number of permanent gaging stations were — and 
discharge measurements organized in several sections. The few reports swere 
aa Rod floats were still used, at least up to 1900. — E. Burr and W. S. Mitchell 
made their measurements by rod floats at St. Louis, Mo., in 1900. At that time 
it became apparent that float measurements, with 11 to 16 men engaged, were > 
expensive than those with current meters. Soon float measurements 


a CC research work was done by the Army engineers 5 with ¢ elent 
— at several sites. The purpose was to establish the form of velocity i 


distribution along the verticals and to check the various approximate — 


_ Velocities were measured at many points, curves were drawn, and | 
were During 1882, for example, wer 1000 verticals were 


:  HYDROMETRIC HISTOR a 
shall have merited it). 
— 
4 ion and development of waterways soon 
Continuo s expansion of the population 
— 
- 
— 
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ined, as follows: Ohio River at Paducah, Ky., 211; Mississippi Ri River at 
a Ky., 101; at Helena, Ark., 90; at Red River Landing, La Ks » 32; at 
ays Landing, Miss., 620 verticals. It is regrettable that these valuable data 
ere never used for the advancement « of science 0 of river hydraulics. 
An extremely interesting experiment was undertaken by Army engineers in 
the Mississippi River near Burlington, Ia., in 1879. Velocity variations were 
_ investigated simultaneously by sixcurrent meters along a vertical . The meters 
_ were of the cup type, , designed by Ellis, made by Buff and Berger in Boston. 
A weight of 150 lb was lowered from a securely anchored boat. OA wire line 
was stretched between the bottom weight and the boat, with six meters mounted 
and equally spaced. — Current meter revolutions v were registered on an es- 
- pecially constructed electric chronograph, which had ‘eight | pens; two were used 
for time signal recordings. The meters were allowed to run for 11 min to 32 


min during each set of observations. Records for every minute were taken 


‘FIG, 28.—W. G. . PRICE FIG. 29.—PRICE METERS 
the registration tape. velocity curves determined from long ob- 


_ Servations showed an extremely regular character, and a maximum velocity at 


at were unquestionably the first investigations 
of pulsation to such an extent. 


tained. ‘The ‘same laws were later found in Europe by in 
by Russian engineers. ‘The most surprising fact was that similar fluctuations 
: occur at different depths at the same time. Therefore the influence of pulsation 


j 
‘ 
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Ve locity components from all directions, because their meters had free orien- 
_ tation. The cup meter is not suitable for measurement of arequired projection 


‘cannot be eliminated by short observations at a mr — of points, as it 
‘The work at Burlington was performed by G ‘iehie. assistant engineer. 

‘The report was published by A. Mackenzie in what is now an extremely rare 
booklet. Abbot wrote in introduction to this report: 38 “This report covers the 

most exact setof measurements which has come to my knowledge . . - The plan 
ae of simultaneous measurement at different depths by electrical meters is ade-— 

: cided advance over any of the older | metuods, and is novel and of much s acten- in 


However the current meters used at that time still had many 
W. G. Price, employed by the Mississippi River Commission was dissatisfied | 
with the Ellis meter and constructed his own in 1882. It was a meter of acup 
type with five conical cups andsimple bearings protected from water and silt. — 
Gy This Price meter was patented in 1885, became very popular and is still in | 
Pa use in an improved form. 39 price described equipment o of hydrometric work — 
and methods of observation in his article in 1898.40 aig tr RRA, ‘ 
Daily mage observations along the Mississippi ‘River have been published 
since 1871. 


GREAT LAKES IN INVESTIGATIONS 
Another of the Corps | of the s. Lake Survey, created in 
1841, with its center in Detroit, Mich., has carried « out some very important 
hydrometric work onrivers connecting the Great Lakes. Regrettably little has 4 
_ been published about these interesting and valuable investigations. - Records of . 
a levels are intermittent from 1815 and continuous since 1859. . Thirty-two 
gages are in operation between Duluth and the St. Lawrence River; most of | 
_ them are automatic. The first hydrometric work, already mentioned, was = | 
Henry in 1867- 1869. More significant measurements were accomplished 
a by J.C. Quintus in 1893, C. B. Stewart and Haskell in 1897- 1898, F. C. Shenehon- ‘a 
a7 in 1898- -1902, L. C. Sabin in 1899, Murray Blanchard, F. ASCE, in 1900- 1902, ‘ 
a The conditions for hydrometric m measurements in the lake outlets were dif- | 
L em ferent from the Mississippi River. The bottom is stable, the water is clear, — 
; the currents are swift. Variations of discharge during a year are minor. How- 
ever, the use of stages for daily discharge computations is extremely difficult, + 


the wind variable effect complicate ‘normal 


¢ el 8A Mackenzie, Report on | current meter observations in the Mississippi River, > 
7 near * Burlington, Iowa, during the month of October, 1879. Washington 1884, 38 p., 42 a 


a eo Actually, the first current meter with a vertical axis of rotation was invented in — 
“Italy. In 1806 Francesco Focacciconstructed a “molinello” with a vertical axel, located 
ina long tube, with which it was immersed into the stream. The rotations of the wheel | 


-tonio Sempiterni Tolotti applied a similar runner with eight blades which rotate in 
protective case. - Generally, however, - cup type meter had never — to Euro 
w. G, Price, Gauging of of the Western Society of Engineers, 
898), No. 3, May and June, pp. 1025-1040, Chicago. 


ne Th Price meters were manufactured by a firm W. & L. E. Gurley in Troy, New is 
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The “Lake Survey used current meters with horizontal 
_ Haskell, later Dean of Engineering at Cornell University, developed a current 


‘bearings and electric « contacts w were » not protected against water. 1890 


deflection ofa magnetic needle ‘sealed inside the were trans- 


Tolga River for the investigation of directions of the currents. — 
Many innovations were introduced into practice in the 
-Shenehon, who was later Dean of Engineering at the University of Minnesota. 
“He invented the method of index point. The measured discharge was correlat- 
; < to the velocity in a certain significant point. Further daily-discharge 
velocity observations in the index point 
only. In ‘complex ‘profiles, as Yetween 
bridge piers, several index points 
necessary in different parts. Shenehon 
derived acorrection table for cable devi- 
ation at different depths and angles of 
flection. This table, although not 
as correct, was adopted by the U. 8 
- Geological Survey, _ In 1902 Shenehon in- 
vented the wire sweep, a wire ‘suspended 
; under floats at agiven depth and towed by 
avessel at each end. It serves to reveal 
underwater obstacles and is now in gener 
‘The hydrometric workdone by Sabin4 
in the St. Clair River deserves particular ie 
attention. Sabin applied eleven current 
- meters simultaneously. The meters were 
‘mounted on a cable straightened between 
lb sinker at the bottom and the boat. 
30.-C. B. STEWART The meters wereof the Haskell type, two 
of them with direction indicators. The 
- meters were equally spaced at every tenth of the water depth. Their revolutions o se 
7 were recorded by electric counters, operated by a common switch. In order to fos 
a eliminate the influence of pulsation, several observations were continued for 100 a 


Bf sec at every point, and one observation was made for 600 sec. _ Sabin obtained 
perfect curves of velocity distribution for twenty-one verticals in one cross 
a section. Velocity at the surface was a little distorted by the effect of — 
ae ‘an hulls. _ The effect of wind was very slight and did not extend deeper than > 
} to two- tenths of the depth. The mean velocity along the vertical was found to ote Be 
be just below the six-tenth depth. Sabin adjusted an empirical equation of the Sar : 


llipse, and hence computed a series of relationships between the velocities at a 
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HYDROMETRIC C HISTORY 
different depths, with a high degree of accuracy. 42, Sabin alee tested the inte 
gration method by shifting a boat with a suspended current meter across the 
river.43 Sabin drew curves of equal velocities in the cross section, the iso- i 
_tachs, using | derived average data. He did it for presentation only, not for de- 


31.—E, HASKELL 


“rent meters located at various points across and along the river. Revolutions 
®. - = were registered during a period of 10 min, readings were taken every 15 sec. 


Fluctuations showed a variety of waves, not identical for the > whole section and 


FIG, 32.—SMALL HASKELL M 


_ we performed similar work with the same set 0 of eleven meters” in the 
River in 1900. 


He investigated twenty verticals. 


«42: The elliptic form of the velocity c curve was ap} applied in Europe by 


A. von Gerstner 
_ in 1819 and by M. Raucourt in 1832. It was tried again by A. Wellner in 1933 and by W. 
7 43 The horizontal integration was introduced in Europe by L. G. Treviranus in 1848. 
was successful in artificial channels with horizontal bottom only. 
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These simultaneous observations with so many current meters were the - 
first in the history “ hydrometry. There had been some unconfirmed rumors 


J ’ ary, 1960 


Development with twelve current meters mounted on a suspension cable ina 
_ 200-ft deep channel. The range of the tide there is 28 ft. ft. Multiple a are A 


SHENEHON 

Blanchard developeda method for the discharge in conditions 
of variable slope. _ A series of discharge curves is constructed for different 
=. of the fall between two gaging stations, asousning that this fall is a defi- 

nite function of at both ‘Stations. river with: stable 


“FIG. 34. —NIAGARA RIVER, INTERNATIONAL BRIDGE, 1899 


chan nel = reasonable distance between gaging s stations are presu ume d fora a 


success of this method.44 af 
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 HYDROMETRIC HISTOR 
RESS OF HYDROMETRY IN THE EWEST 


= 


State engineer, got an appropriation of $100, 000 for 
the investigation of the Sacramento and San Joaquin rivers for a period oftwo 
years. His assistant, C. E. Grunsky, conducted these measurements45 i in 1878- aa : 
19. Grunsky investigated floats, disclosed many sources of errors, and gave 
preference to cur current meters. meters were of the as by 


36. OF THE U. SURVEY, 


Abbot and applied in California during investigations in San Francisco Bay by 
“ea Army Engineers in 1877-78, aithough Grunsky called them of the Henry 


~~ _ The meters were used on cables, bifilarly ‘suspended from a catamaran — 


- 45 ° Report by C. E. Grunsky is known in Europe, because it was submitted to the ; 
Suatigart Technical University for a degree and published in German language: Hydro- 
metrische in den Staaten Amerikas. Zeitschrift fur 
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= — 7 
ot two Senate A third boat was anchored in front of the catamaran and was used 
ie to stretch a stay-line in order to keep the frame with the meter in a perpen- | 
dicular position. Observations w were taken on ten verticals, velocities were 
measured at ten points on each vertical and continued for three minutes at | 
every point. Smooth vertical curves were obtained. 
Grunsky checked approxima:e e formulas for velocities along the verticals 
_ and derived a formula for a ratio between the average and surface velocity on 
vertical. He advocated, with little success, however, the graphical determi-_ 


nation of the discharge measurements, analogical to the Harlacher method, 


_ off ‘computations for the rivers with ¢ an unusually variable bed, by tracing the 
of equal discharge on the diagram of stage fluctuations. This method 
by Ww. . B. Clapp to the Colorado River at ‘Yuma, “Arizona, in 


8 


MURRAY BLANCHARD FIG, 38.—C. E. GRUNSKY 
the forecast of discharge \ variations downstream. d 
- Hall introduced the method of plotting mean- velocity and area curves ee 
sides the curve. the separate can disclose 


ee Colorado hydrometric stations were taken as the pattern for the organization — 
inh _ of the net of the U. S. Geological Survey stations. In 1881 E. S. Nettleton, the ; 
—. State engineer in Colorado, established the first gaging station on the Cache la . . 
- Poudre and the Big Thompson rivers and measured the flow for several months. 
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rado- meter, ‘and sometimes as the Lallie or Bailey m meter. Recording gages” 
_ and cableways were installed in Colorado about 1890. In 1889 R. Robertson 
~ built the first cableway on the Arkansas River near Canyon City. It was og 


with pulleys for lowering the -observer’s seat to the water surface. 


y 


FIG, 39.—COLORADO 
METER 


“Farish on the Salt River | in 1890. At the sa same time W. P. 
y ps accordance with Hall’s ideas applied a traveler, an unmanned cable-car, for 
_ operation of the meter from the bank. The aim was to protect observers from By 
_ endangering their lives, particularly during the floods. Such an arrangement 


was used experimentally on the Tuolumne River at Modesto, Calif., and tried 


in other locations. used atraveler in the Main 


__-* FIG, 40,—THE FIRST CABLE CAR, ARKANSAS RIVER AT CANYON, COLO, 


- Channel in 1915. C. H. Pierce still cade some ne use. of this arrangement in in 
and Vermont in 1916- 19. 


HY 1 - 
A epurrent meter was constructed of a cun tyne known sometimes as the 
eer 
— 
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UNITED STATES GEOLOGICAL 
f An Act. of Ce ‘Cniatien opened a new chapter i in the history of hydrometry " 

1879. By this act the Geological Survey was created for the purpose of investi- _ < 
"gating the natural resources of the United States. founder and one of its 
- directors was Powell, famous explorer of the canyons of the Colorado River. __ 
In 1889 a young engineer F. H. Newell was appointed to organize the Water ? 


Resources Branch. He the title of the “Father of systematic 


ny a Fourteen young men were selected to learn and to improve the methods of 


stream gaging. ae training camp was established in December, 1888, on the 
‘Rio Grande at Embudo, N. M. . Here, under rough field conditions, the first 
Geological Survey passed their training. Newell, 26- 


Mage 


re yr-old leader, felt that he must wear ere in order to increase ‘his digni- ig 


that camp, like the early. Apostles, they went forth to spread the 


data of stream flow which has since made possible the construction of the great E. 
for the irrigation of the Great American Desert.” 
_ _The first steps of new hydrographers were hampered by the lack of funds 
and by political instability. The Water Resources Branch gained recognition — = 


. = support, 1 when irrigation works had spread spontaneously in the West. 


eery in The Cornell Civil Engineer, 21(1913), No. 7, P. p. 412. Ithaca, New 
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_-HYDROMETRIC HET HISTORY 
These works finally absorbed Newell, who became chief engineer of the U. Ss. 
Thousands" of gaging stations were installed in steps across the country. ‘ 
_ Methods and equipment were developed, skillful e engineers ‘trained. Data of 
_ observations and reports were published in a series of Water-Supply Papers, ; 
- modest booklets of enormous significance. The first manuals on hydrometric | 
- techniques appeared among them: Methods of stream measurements, 1901, by a 
7 Newell; Hydrographic manual of the U. S. Geological Survey, 1901, by E.C. 
ye "Murphy, J. C. Hoyt and G. B. Hollister; Accuracy of stream measurements, 
7 1902 and 1904, by Murphy. Murphy was the first scientist among these men of . 
; practice. His study was the first scientific ¢ evaluation of the ‘contemporary 
3 _ N. C. Grover, a distinguished hydrologist, was the chief engineer of the 


Water Resources Branch from 1904 to 1939. Together with Hoyt he ae 


a 


“River Discharge”, an excellent textbook on American methods of nydrometey, 


‘at history of the Water Resources Branch of the United States | Geo- : 
- logical Survey to June 30, 1919”. This book was issued unofficially in =§ 
The second volume still waits publication. It features a very fascinating story 


_3 
— 
' 
if 


following « excerpt from another repo vividly describes the typical 4 
_ “Up to the advent of automobile roads as we know them today, the fieldmen at‘ 
_ traveled by train. The engineer left headquarters for a routine circuit of the i 
gaging stations assigned to him, with a current meter outéit in one — and | a 


4 


suitcase in the other; and sometimes he had a engineer’ 
rod, besides rubber wading pants. His luggage weighed 50 to 


pounds... Thentrips lasted from two toten weeks, depending upon the number 
Lt, of gaging stations in the circuit. He was going night and day trying to get the - 
ie data b between een train schedules, ‘getting off and « on trains at all hours. 


_ 


If the gaging station was not near the railroad, he hired a rig and drove to - 
‘ If the gaging station was more than | about fi five miles he probably had to spend 


the n night at the ga gage reader’s house” 
4 


a Current meters were used almost exclusively in the practice of the Water 
Resources Branch. In 1897 E. Ga Paul of this Branch improved the Price 


J. H. “Morgan, Development of stres stream m maging | 
12(1936), No. 4, Apr., pp. 49-55. 
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HISTORY 


meter. This improved meter, called the “Small Price” , has been the ‘stan- 


of the Branch since that time. 


7 ‘known and have been adopted in different countries all over the world. y Uni- 
versally known is the Stout method, introduced in 1898 by O. V. P. Stout for 


ao of observed stages to the ¢ discharge curve when the river bed is 
a 


shifting. Less popular was the method proposed in 1907 by R. H. Bolster for 
_ adjustment of the discharge curve tounstable bottom. hie known is the method — 
ot construction and extrapolation of the discharge curve, , originated by J. C. 
Stevens, F. ASCE, in 1907, as also the method by M. R. Hall of 1908 for varia-— 
7 A standard method of velocity measurement was adopted. Two points ~ 


taken: at eight at two ows of the depth on every vertical in a cross section 
rvey ‘carefully 


“FIG. 47. ~O. V. P. STOUT FIG, 48. —J. Cc. STEVENS 


‘this. ewan method” in in 1906. Since that time the method has been - very 
popular, and is known abroad as an American 
_ Barrows and R. E. Horton in 1907, and W. W. G. Hoyt in 1913, investigated the — 

- river flow under - ice ‘cover and methods for computation of the winter runoff. be 
_ The work of the Water Resources Branch was carried on in accordance if 

local conditions. In many locations cableways were installed foro one-man 


ae ‘Seuiees for current- -meter gaging stations”. Recording gages have been in Rs 


— 
— 
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— “is checked there on 565 sets Allan Cunningham in India in 1883 and 


heavy weights with a a suspended “mater. 
Reels and cranes were developed by C. H. Au with 

a special division of Ground Water was under the » leadership of a renowned . 
hydrogeologist O. E. Meinzer. M. O. Leighton was known in the field ofhydro- 
geology by his methods of field tests and C.S. Slichter r by the electrical methods 


Weirs are convenient devices for quick and accurate water 
A bulkhead is put across a channel, a sharp-edged notch is adjusted, the head 


over the crest is the wa water is 
——- discharge coefficient has to be selected or established by tests in -* 


‘discharge determination, ‘if a correct discharge coefficient can be assumed j ro 


taking into account all local peculiarities, or determined by calibration. _ hia 
_ G. F. Rafter used dams during his investigations in the State of New York Pa “4 
in 1898. He based his workon extensive tests performed by H. Bazin in France, 3 
1888-98, and also used the results of tests a at the | University, col- 
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: also collected results of turbine tests, necessary toc compute the flow through — 
tu turbines in connection with the gaging stations at the dams. 51 a 
| 


Investigations of the flow in pipes were made by many Americans in search - 
a of empirical formulas and roughness coefficients. . Mills was the first touse a 
ss -pitometer for studies of water flow ina 12 inch pipe at Lawrence, Mass., .» in 
1877 . He located 16 to 18 nozzles in one section. Each was connected to a 
_ manometer and all could be read at once. This work \ was continued by Freeman — 


* 1878- ~83. - Careful experiments, , performed by Freeman in Nashua, N. H., in 


FIG. 51.—W. HOYT FIG, 52-0, 


of this 


49 G. Rafter, , Report on special water -supply investigation. Report of the Board 


of Engineers on deep waterways between the Great Lakes and the Atlantic tide waters, : 4 
Part 2, pp. 571-950, pl. 93-130. Washington 1900, Congressional Documents 4146, 4147. : ; 
les _G. W. Rafter, On the flow of water over dams. Transactions, ASCE, 44(1900), 
Paper No. 884, Pp. 220- 314; ‘discussions, pp. 315- -398. x 
R. E. Horton, Weir experiments, “coefficients, and formulas. Water-Supply 
Irrigation Paper, No. 150, Washington 1906, 189 p., 38 pl. Revised: No. 200, 1907, 95 
R. E. Horton, Turbine water-wheel tests power tables. and 
rigation Paper, No. 180, 1906, 134 


_ computing the flow over dams. E. 
7 
| 
wy 


om ot to point along the diameter. Cole’s pitometer has two — : 
nozzles, and for a check can be turned around. A manometer gives the differ- Zz _ 
- ence in pressure, from which the velocity is computed. The first Cole’s pito- 
_ meter was installed in the water main of Terre Haute, Ind., in 1896. ~ In 1903, 
in cooperation with H. Cole developed a photo- pitometer. The fluctu 


ations of the liquid column i in the manometer were recorded on a shifting sensi 


Me - In 1908 a Swiss engineer H. _— constructed a valve with a packing © 
J gasket. A current meter at the end of a rod was introduced into | the pipe = 


pressure and shifted across it from point to point. A similar method was used 
by R. M. Hosea in Colorado in 1910. A Price current meter was used in48 in. ... 


Several times current meters were adapted for the permanent control of 7 
; fon In 1898 A. Thiem installed a current meter of the Woltman type ina 


: s water main in Leipzig. It was equipped with a mechanism for transmitting the | 
«Gg revolutions. _ In 1912 Hosea constructed a current meter of the cup type for a _ ; 

i similar purpose. ‘The vertical axle of the wheel was extended outside the pipe — 

J hk. _ Water meters for city supplies to householders were introduced: after 1870, 


a and now are manufactured and installed by the millions. The first water meter 
was patented in Britain by S. Crossley in 1825, in the United States by J. a. 

S Sear in 1848 and by W. Sewell in 1850, then by J. Ericsson in 1851. In 7 

:: . R. Worthington invented the duplex piston-type water meter, in 1859 B. S. 
a rotary meter. In 1869 H. Read patented his gem- type velocity 


— 
S. Cole was the promoter of the use of the pitometer in the “traverse” 
ie 
— 
similar work in 1014 4 
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was called ‘the father of the water-meter industry in America. — Up to 1890 as < 

‘many as 678 patents were granted for water meters in the United States, 231 

in Great Britain, and not less than 250 in n other countries in Europe. 52 The | 
history of water meters is a subject of a special study. ye Saeed awa 


re. ‘The technical skill of American inventors was displayed i in numerous mecha- — 
nisms designed for hydrometric purposes. 

_ Water-stage recorders?3 with a wire transmission from a float and with a 
pencil marking a line ona clock- driven drum were constructed by Saxton a 


in 1858, Avery in 1876, -‘Fteley in 1876, Nettleton in | 1884, 


. Friez in 1900, Haskell in in 1903, 
in 1909. Since 1910 the firm of ~ Lawrence produced a “hydro- 
_ chronograph” which can run longer than a week. In 1912 Stevens } designed a 
recorder with a continuous paper band sufficient for : a whole year, having : 
weight-driven drum. _ Stevens also introduced a mechanism for a reversed — 

- motion of the pencil after it reaches the paper edge. In 1912 W.& L. E. Gurley 
in Troy, N. Y., developed a printing gage, which automatically printed the gage 
height on a paper strip every 15 min. Thiscomplex machine had little success, z 


It mentioned as a point of that 1900 the water stage re- 
_ corders or automatic gages were called nilometers, obviously as a tribute to the old 


= Egyptian gages on the the ‘ie Nile River. In ee the term a is in aieati use. 
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January, 1 


as as also the of J -Diven to a gage, in 1915. 


1920 Au devised a practical recorder with a ‘ “positive drive”, which was manu- 
~ factured by Julien P. Friez Co. of Baltimore, Md., and widely u used by the U.S. _ 


e. Long-distance recorders came intouse in the 20th century.54 In 1900 W. M. 4 


Fulton, professor of the University of Tennessee, devised a recorder 


telegraphic transmission of the gage reading. In 1903 such a recorder was 7 * 


= Another device was smanetens for mechanical conversion of gage readings 
into corresponding water discharges, and of their integration for cake 
= metering. This task was easy to carry out for the flow over a weir, where a * is 


definite relationship of certain power is known. — a spiral cam of appropriate © 


Herschel in 1888 and in Germany by Seibt in 1891, and was patented by D. L. 

_ Huntington of Scotland in 1896, in America by J. W. Ledoux in 1905, by Neibuhr 
in Germany in 1907, again in America in different forms by Hanna in 1910 and > 
1914, by Hosea in 1912, by Stevens in 1917. In 1912 D. R. Yarnall applied a 
= drum with spiral groove. _A hydrostatic transmission based ona form of an m= 


_ 
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— 
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in. 1913. The same idea w 
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HYDROMETRIC HISTORY 
"Similar devices v were constructed for venturi meters, so that the total quan- 


», io = of water could be recorded without the continuous presence of an yiawent 


ed: a 1 register for venturi meters. Parte 1909 Connet introduced the square- “root” 


were invented for mechanical transformation of water stages into ern ec 
_ according to an established empirical relationship. The idea of a mechanical 
_ device for transformation of the gage heights into water discharges was origi- 
nated by W. L. Butcher in Cambridge, Mass., in 1905.55 He designed a templet 7 
. with a groove corresponding to the particular discharge « curve. Another straight - 
_ groove was shifted following the stage fluctuations. A polar planimeter, with ‘i 
7 tracing p pin connected to the curve, directly integrated the discharges. Simple 
A devices for discharge transformation were proposed by F. Weber in 1914 and 
by F.H. Kingsbury in 1917. In 1915 E.S. Fuller designed and built a discharge — “| 
integrator for the U. Ss. Geological Survey. This type, with some ‘modifications, 7 
is still used. W. H. R. Nimmo in Australia, later | the Water Commissioner in 
Quensiland, designed a water discharge integrator in 1917. The firstdischarge 
_ integrator in Europe was constructed by Gocht and K. Rose in Saxonia in1934. 
a It is proper to mention that the integrating float, a 1 device « emerging from 
the bottom of a channel and measuring an average velocity along a vertical, » 
_ was also invented in America, in 1882. The inventor was Luigi d’Auria, who ig 
lh from Italy in 1876. ‘This ingenious device was revived by Hajos in 1904, 
The tide-predicting machine was invented in by Thomson (Lord 
7 - Kelvin) in 1875 and improved by E. Roberts in 1879. In 1880 W. Ferrel, me- 
7 teorologist of the U. S. Coast Survey, constructed a device for forecasting of — 
extreme | Stages, height and time, called “Maximum and minimum tide pre- ee 
diction machine” , set for the constants representing nineteen harmonic com- — 
_ ponents of the tide. This machine was in use until 1910, when R.A. Harris and ie 
_ E.G. Fischer constructed a better tide ide predictor, se used d 37 secumanel 56 


CURRENT METER RATING STATIONS 
Current ‘require r rating or calibration in still water must tbe 
_ repeated from time to time. Formerly the rating was carried out from a boat — 
pulled by a rope or by oars. _A lakeor a deadarm of a river was used for field | 
"rating. Several rating stations of a more permanent character were built dur-— 


_ ing the early development of hydrometry in the United States: aes ie 


ae 1) In Denver, Colo., a water reservoir was used. A slot 16 in. wide, 200 ft _ 
long, was made in roof. A car on rails the slot, pulled by a cable 


on a drum. 
2) In Kensington, Md., at channel. was dug, 165 ft long, over 
a) ft wide, filled with water 4 ft to 12 ft deep. A car was s pushed by hand. aa 
ae. 3) In Lawrence, Mass., a wharf of the Essex Co., 200 ft long, was used for : 
rating. Ac Ss hed bi d. 


«SSW. L. . Butcher, A device for averaging certain kinds of continuous records by a 
News, 53(1905), No. 26, Jun. p. 685. York. 
es Rd Wraight ai and E. B. Roberts, The Coast and Geodetic Survey, 1807-1957, 150 
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4) In — iii Calif., a pool was used. A wire was stretched across 


4 : it, a roller was pulled along the wire with a current meter suspended on on a 


Several rat rating arrangements w were available at universities: 


2 pe) 2) The Hydraulic laboratory of the Rensselaer Polytechnic Institute at Troy, = 
“a 7. has a rating channel 90 ft long, 3.75 ft wide and 3.5 ft deep. Ahand- ~ 


propelled car by a tac tachometer Ane electric installed. 


3) ~The Alden Hydraulic the Worcester Polytechnic Institute, 
Mass. has a rating installation of a circular type on a pool. In 1908 a rotating 


beam 1 was arranged, which is moved by a belt from a turbine. The di- 


isu usually. carried: out by the meteorological organizations. The 
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; Medical | imneanl of the U. Ss. Army organized a network of stations for re- 
cording of temperature and precipitation. an The Smithsonian Institution oer 
vised the activity of that network from 1849 until 1891, _ When [ail 
Bureau was established in the Department of of ‘Agriculture. 
Rain gages, ombrometers or pluviometers, were used of various 
conical gage with 5 in. circular opening, then cylindrical of 11.3 in. diameter. 
aa G. Chilton designed a rain gage with a rectangular orifice of 10- ~in. 
ES Later on a circular orifice of 8 in. in diameter was approved | asa 
_ standard. Awindshield was tried by J. Henry in Smithsonian Institution, in 
1853; a horizontal brim, 1 in. _ below the orifice, was used to protect raindrops 
from diversion. . In 1878 F. E. Nipher, , Professor in St. - Louis, Mo., -construct-— 
an inverted cone to protect the snow catch against the suction. The 
‘modified Nipher shield was used in different countries. = = | 
‘The first recording rain and snow gage, on weighing principle, was patented q 
by S. x P, Fergusson in | 1889. Other recording gages were designed by Friez 
and by Stevens. The first precipitation map with isohyets was published by L. 
Blodget in 1855. More detailed ctl _were ma made by C. A. A. Schott in 
Observations of the evaporation from pans were recent 


PIONEER WORK OF ACADEMIC 
re A sanuliiis fact cannot be overlooked: the outstanding rc role of the Ameri- 

- can professors in the early history of the hydrometry. A majority of the dis- 
tinguished men in this field, as Forshey, Powell, Newell, Grover, Murphy, 
Barrows, Haskell, Shenehon, Stewart, and Hunt, were faculty members. Many 
professors of civil engineering d dedicated their summer vacations to the hard — 

- field work as part-time hydrographers with payment of $5.00 aday ¥ when /actu-— 

~ ally employed. Stout, S. Fortier, L. G. Carpenter, B.M. Hall, D.C. Humphreys, 
* U. Taylor, J. A. Holmes, A. M. Ryon, C. _N. Brown and others took part in 
the development of the U. S. Geological Survey. 

Bx. Often university professors performed apioneer work in measuring the eflow 

oa of streams with their students as a field practice. G. H. Hamlin of Main State - 
be _ College m measured discharge of the Penobscot River: in 1884 he | used subsurface a 
sue floats, in 1886 the Elliscurrent meter. These measurements were the first in | 
the State of Maine. D. Porter, of the Massachusetts Institute of Technology, — 
- measured with his students the Delaware River in 1891. Similarly, C. . 
_ Me Leod, Professor of the McGill College in Montreal, Canada, used rod floats. 
and acurrent meter for the discharge measurement of the St. Lawrence River, 
40 miles below Montreal, in 4 
‘The work of De Cc. Professor of the ba. and Lee 
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- Anschutz a River course in Virg a wooden rod was u 
of the entire boat. A Haskell meter pen At night the boats 
, each paddling his own boat. A! from a canoe. canvas 


‘Space limits i: wabridged this s study to the early times. are no rigid 

bounds in the progress of | science, therefore the approximate end of this peri Lis, 3 


5 ‘Thee era of the modern developments i in hydrometry may be landmarked with 


the penetration of automobile into American life. This resulted in the con 
_ struction of cableways for one-man operation, the power- -drive for heavy cur- 
rent meter, comfortable > ships for navigable rivers, automation and trans- 
i mission of observations, power plant testing by the Allen and the Gibson 1 methods, 


cesieeeitisin in penstocks and in turbine inlets, the | ingenious flumes for i irri- 
a gation canals, modern instrumentation for data processing, finally the well de-_ 
= laboratory devices and the new principles of measurements. 


APPENDIX 


ale Hydrometry is a ae hydrology. It deals with water measurements. This | 


term is known in all European languages — Bulgarian, Czech, ‘Danish, Dutch, 


1897. In 19 of the U. S. Geological 
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_canoes were protected Irom rocks Dy Outside Strips and proved to be very ef- 
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HYDROMETRIC 
sk Estonian, Finnish, . Flemish, French, German, Hungarian, 1, Italian, Latvian, 


Lithuanian, Polish, Portuguese, Rumanian, Russian, Serbo- -Croatian, Slovak, 
ly replaced by hydrography, stream gauging or gaging.58 
__ _Hydrometry was earlier well known in America. In 1851 ‘tenes surveying 
parties were organized on Lower Mississippi: topographical, hydrographical, 
and hydrometrical. The Organic © Act of 1879 of the U. S. Congress created the a 
 Miasioatapt River Commission and authorized it “to make surveys, exami- 
nations and investigations, topographical, hydrographical, and hydrometrical, 
of said river and its tributaries”. D. W. Mead, author of the first American — 
systematic treatise “Notes on Hydrology”, 1904, entitled one chapter “Hydro- 
metry”. In his fundamental work “Hydrology” , however, this chapter has been 
called “Stream flow or runoff”. An article “ary as an aid to t 
_ - system” by Stevens was published in the 3 
Proceedings, ASCE, in 1911. Herschel 
r requested in discussion to correct the 
title, and this paper was reprinted i inthe 


title “Hydrometry as an aid to the suc- ae 


A conference of district engineers of 
‘the U.S. Geological Survey in Washing- 


D. C., in 1911, adopted a resolution 


a b ia of the previous hydrography. Re- 
-grettably, this decision was not 
up by the office. Therefore instead of 
books on hydrometry they are on “river 
, “stream gaging”, “stream 
source of disgrace to hydrometry 
England and in America can betraced | 
to the misuse of this term by physicists = ‘ 
tionaries explain hydrometry as the art MEAD 
“of using the ee, a device for determining the properties of liquids, en : 
_ such as density, specific gravity, purity, and, particularly, the strength of 4 
_ spirits; such an instrument is called inall languages araeometer or ebulliome-— 


There are publications on that particular e. “Handbook 


«58 Tris interesting to call attention of readers to a definition of the hydrometry in an 


collection—The Cyclopaedia, or universal of arts, sciences, litera- 


hydraulics. The term is modern but very little in use. _ The first instance where we — 

_ meet with it, is in the year 1694, when a new chair, or professorship of hydrometry was _ 
. founded in the university of Bologna, in favour of S. Guglielmini, who had carried the | 

doctrine of running waters, with oT to rivers, canals, — bridges, etc., to an 
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Hydrometria, or hydrometry, the mensuration of water and other fluid bodies, 
| _ their gravity force velocity quantity ete Huydrometria includes hoth hydrostatics and 
as 
— 


rometry”, by J. B. Keene, London 1875, “Hydrometers and Hydrometry”, 
‘The author suggests use of the following logical terminology: UP 
ine Hydrometry—science of water measurements, instead of hydrography, 8 
_Hydrometric engineer or hydrometrist, instead of — 
_ Hydrometric Bureau—a central office and local districts, 
Hydrometric station, instead of gaging station, discharge = 
_ _Hydrometric yearbook, instead of Stages and 


"Papers, Daily river stages, etc. 


APPENDIX Il.—SHORT BIOGRAPHICAL 


in Washington, D. C.; 1854 grad. ‘West Point, 1857 - 61 Mississippi Survey, 1895 
Zachariah Allen, b. Sept. 15, 1795, in Providence, R. R. L; i. Mar. it, 7, 1882, 
also in Providence; 1813 grad. Brown Univ., engineer and inventor. 
Carl Henry Au, b. Aug. 3, 1876, in Washington, D. C., d. Nov. 24, 1958, also 
in Washington; grad. Worcester Polytech. Inst Inst., , instr. 8 years, 1916- 31 U. -. 
Geolog. Survey, Chief of Instr. Branch. 
_ Alexander Dallas Bache, b. Jul. 19, 1806, in Philadelphia, Pa, : a great- 
_ grandson of Benjamin Franklin, a. Feb. 17, 1867, in Newport, R. 1.; 1825 grad. 
West Point, 1828- 41 Prof., Univ. of Pennsylvania, 1843 - -67 U. S. Coast t Survey, | 
Superintendent, first Pres. National Academy of Sc. 
- James Fowle Baldwin, b. Apr. 29, 1782, at North Woburn, Mass., d. May 30, a 
in Boston, Mass.; stud. Wertford Acad., 1830-35 constr. railroad, 1897- 


iS ihe Harold Kilbreth Barrows, b. Nov. 8 1873, in . Melrose, Mass., d. Mar. 15 + 


1954, at Winchester, Mass.; 1895 grad. Mass. Inst. Tech., 1895 - 1904 Univ - 
Vermont, 1904-08 U. S. Geolog. Survey, 1908-41 Prof. Mass. Inst. .Tech. wa 
‘David Stanhope Bates, b. Jun. 10, 1777, near Morristown, N. J., d. Nov. 
1839, in Rochester, N. Y.; 1817-23 constr. aqueducts and canals. x 
_ Murray Blanchard, b. Jul. 25, 1874, in Peru, Ill.; 1898 grad. Univ. 

-1899- -1905 U. S. Lake Survey, 1919-56 Chicago waterworks. 
Roy Hale Bolster, b. Apr. 6, 1877, in Roxbury, Mass.; 1901 grad. inst. 
Tech, 1903-07 U. S. Reclam. Bureau, 1907-22 U. S. Geolog. Survey, 
Edward Smith Cole, b. Dec. 29, 1871, in Washington, D. C.,d. Mar. 18, 1950, — ; 
Upper Monclair, 1894 grad. Cornell Univ. Pitometer Co. Director. 
Frederick Nevius Connet, b. Oct. 1867, at ) J.,d. Jun. 
Providence, R. 1930 Chief 


- Jun. 21, 1862, at Cairo, ky., . ‘injured in naval battle; 1834 grad. Ecole Poly- 

technique, Paris, France, 1834- -49 bridge construction, 1850-53 Ohio River. 
q Theodore Grenville Ellis, b. Sep. 1829, d. Jan. 8, 1883, in Hartford, 
: Conn.; 1854-61 constr., 1862 in Civil War, Brig. Gen., 1867-78 Connecticut R. 


Samuel Forrer, b. ‘Jan. 17, 1793, in County, Pa. Mar. 25, 1874, 
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853-61 Prof. Mil. . Acad. Texas, 1862 Confederate Army, Ltn. Col., , Vice Pres. =~ 
__ James Bicheno Francis, b. May 18, 1815, in Southleigh, England, 1833 in 
A., d. Sep. 18, 1899, in Boston, Mass.; 1837-85 Merrimac Co. eng., 
_—.. John Ripley Freeman, -b. Jul. 27, 1855, in West Bridgeton, Me., d. Oct. 6, — 
1932, in Providence, R. 1.;1876 grad. Mass. Inst. Tech., 1876-1932 cons. eng. aa 
Alphonse Fteley, b. Ane. 10, 1837, in Paris, France, 1865 in U.S. A., 
Jun. 11, 1903, in Yonkers, N. Y.; 1875-84 Boston waterworks, 1884-1900 New 
Nathan Clifford Grover, b. Jan. 31, 1868, in Bethel, Me., d. Nov. 29, a | 
at Washington, D. C. ; 1890 grad. Univ. Maine, 1891-1903 Prof. Univ. ore 


1903- 39 Chief eng. U.S. Geolog. Survey, 


Ewald Grunsky, b. ‘Apr. 4, 1855, in San Joaquin County, Cal., d. Jun. 
ip San Francisco, Cal.;1877 grad. Tech. Hochschuie Stuttgart, Germany, 
1875- 1905 eng. in Cal., 1904-05 Panama Canal, 1908-34 cons. eng., ASCE 
" Frank Willard Hanna, b. Sept, 16, 1867, near Geneseo, Ill.,d. Jan. 26, 1944, 
a Webster City, Ia.;1893 grad. Des Moines Jun. Coll., Ia., 1903- 05 U.S. os, 
toe. Survey, 1905- 21 U. S. Reclam. Bureau, 1921-34 in Canada. 
ey, Eugene Elwin Haskell, b. May 10, | 1855, in Town of Holland, Erie County, 
UN. Y.,d. Jan. 29, , 1933, in Hamburg, N. -Y.;1879 grad. Cornell Univ., 1893- 1906 
eek ‘Lake Survey, 1906-21 Prof. Cornell Univ., Dean of Engg. hit ay a 
, _ Daniel Farrand Henry, b. May 27, 1833, in Detroit, , Mich., d. co 13, 1907, gy 
c also in Detroit; 1853 grad. Yale Univ., 1853-71 U. S. Lake Survey, 1872-78 
7 "a Clemens Herschel, b. Mar. 23, 1842, in Vienna, Austria, grown in Daven- 
port, Ia.,d. Mar. 1, 1930, in Glen Ridge, N. Y.; 1860 grad. Harvard Univ. » 1864 Fe 
eng. in Boston, 1872 Holyoke Power Co. , 1900 cons. eng., 1916 ASCE Pres. 
ao. Robert Elmer Horton, _b. May 18, 1875, at Parma, Mich.,d. Apr. 22, 1945, if 
in Voorheesville, N. Y.; 1897 grad. Albion Coll., Mich., 1900- pots U. Ss. 'Geolog. 
= John Clayton Hoyt, b. Jun. 10, 1874, in Lafayette, N. Y., d. Jun. 21, 1946, 
Paris, Va.; 1897 ‘Cornell Univ., -44 U.S. Geolog. Survey. 


a: _in Washington, D. C.; 1831 grad. West Point, 1851-60 Mississippi 
Survey, 1861-64 in Civil War, Brig. Gen., 1866-79 Chief Engrs. = = | 
Edward Bissell Hunt, b. Jun. 15, 1822, at Portage, Livingston County, N 
y 5 Oct. 2, 1863, at New York City; 1845 grad. West Point, 1846-49 Prof. West 
Joseph Christmas Ives, b. 1828, in New York City, d. Nov. 12, 1868, also 
New York City; 1852 grad. West Point, 1857-58 explor. Colorado River, 1861 
in Confederate Army, Col., Chief eng. tad bec, 
—— _ John Bloomfield Jervis, b. Dec. 14, 1795, at Huntington, L. I., d. 
1885, in Rome, N. Y.; 1817-25 constr. Erie Canal, 1825-30 30 Chenango Canal, — 
_ John Walter Ledoux, b. Aug. 28, 1860, at St. Croix Falls, Wis., d. Nov.  & 
1932, at Media, Pa.; 1887 grad. eng, 
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in Washington, D. C.; 1864 grad. West Point, 95 ‘Mississippi River, ” 


Wis.; 1884 grad. Univ. , 1904- 32 Prot. Univ. Wisconsin. 
Oscar Edward Meinzer, b. Nov. 28, 1876, , near Davis, . Jun. 14, 
1901 grad. Beloit Coll., 1906 U. S. Geolog. Survey. 
Hiram Francis Mills, Nov. 1, 1836, at Bangor, Me., d. Oct. 4, “1921, at 


1867 Harvard Coll., 1850- 88 U. S. Coast 
ee. Edward Charles Murphy, b. Jun. 17, 1859, in Croydon, Ont., Canada, d. j 
- Sep. 18, 1934, in Mar Vista, Cal.; 1884 grad. Cornell Univ., 1887 Univ. Kansas, — 
1892-1902 U. S. Geolog. Survey, 1901- -02 Prof. Cornell Univ. 
= Frederick Newell, b. Mar. 5, (1862, in Bradford, Pa 1. 5, 1932 


Fr’ 


in Haven, Me.; 1859 stud. Ober lin Coll., % 1861 -65 in ‘Civil War, Major, By 3 
1865 - -72 Prof. Illinois Wesleyan Univ., 1881-94 | U. Ss. . Geolog. Survey, Director. 4 
ene Gunn Price, b. Jul. 6, 1853, in Knoxville, Pa., d. Jul. 6, 1928, in 
Detroit, Mich.; Univ., 1879-96 Mississippi River, 1896- 1913 
George Willson wie. b. Dec. 9, 1851, in Phelps, N. Y., d. Dec. 29, 1907, inn) 
in Karlsbad, Austria; grad. Cornell Univ., 1894 New York State eng. os 
= Leonard Riddell, b. Feb. 20, 1807, in Leyden, Mass., d. Oct. 1, 1863, 
_ in New Orleans, La.; 1829 grad. Rensselaer Polytech. Inst. , 1836 Prof. Louisiana 
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1906-25 constr. Mary’ Falls Cena. 

Joseph Saxton, b. Mar. 22, 1799, at “oct. 26, 1873, a 

_ Washington, D. C.; 1830-37 in England, 1837 mech. U. S. Coast Survey. oF 
; — Francis Clinton Shenehon, b. Dec. 20, 1861, in Brooklyn, N. Y., 3, 


1939, in . Minneapolis, Minn.; 1895 grad. Univ. Minn., 1898- 1908 U. ial 
Survey, 1909-1917 Prof. Univ. Minnesota, Dean of Engg. 
_ _ Frederic Pike Stearns, b. Nov. 11, 1851, at Calais, Me. os Dec. 1, 1919, in 
Boston, Mass.; 1872- 86 Boston waterworks, 1886-1907 N. Y. Metropolitan 
Water Board, 1906 ASCE Pres. ee) 
John Cyprian Stevens, b. Jan. 9, 1876, , in] Moline, Kans.; 1905 grad. Univ. 
Nebr., 1903- U. S. Geolog. ‘Survey, 1905 cons. eng., , Portland, Ore., instr. 
Clinton Brown Stewart, b. Mar. 8, 1868, in Fairbury, IL, d. Sept. 2, 1951 
Anchor, Ill.; 1890 grad. Cornell Univ., , 1893- 98 U. S. Lake Survey, 1899- 1900 
Univ. Wis., 1900-03 Prof. Colorado School of Mines. 
Charles Storer Storrow, b. Mar. 25, 1809, in Montreal, Canada, , d. Apr. 30, ; 
1904, in Boston, Mass.; 1829 grad. Harvard Univ., 1829-31 Ecole des Ponts et 


_Chausees, Pacis, Pranoe, 1844- 89 Essex Co., Merrimac 
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‘Survey, U.S. Reclam. bureau, Prot. Univ. aa 
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te 
ab 4 
d. Aug. 4, 1935, 
in Berkeley, Cal.; grad. Univ. Nebr., 1891-1929 Prof. Univ. Nebraska, Dean of _ 


Talcott, b. Apr. 20, 1797, in in Glastonburry, Conn., d. Apr. 22, 1883, 


: in Richmond, Va.; 1818 grad. West Point, 1837-39 Mississippi River, — 

: _ George Washington Whistler, b. May 19, 1800, in Fort ‘Wayne, Ind., d. Apr. 
— (1849, in St. Petersburg, Russia; 1819 grad. West Point, 1821-22 Ass. Prof. — 

Point, 1833 Major, resigned, 1828-33 constr., 1833 


locks and canals, 1842 cons. eng. in ‘Russia. 


and illustrations is highly appreciated, , namely: Library ¢ of Congress; New 
Orleans Academy of Sciences; U. S. Lake Survey, Detroit, Mich.; Lake Carri- 
ers’ Association, Cleveland, Ohio; Messrs: E. Shaw Cole, New York, N.Y. — 
A. T. Lenz, Madison, ‘Wis., J. S. McNown, Lawrence, Kans., , M. Blanchard, — 


Libertyville, Ill., A. E. Murphy, Austin, Tex., J. C. Stevens, Portland, . = 


_R.H. Wilson, Washington, D.C. 
‘The author is particularly indebted © to Mr. Arthur H. ‘Frazier, Research © 


engineer | of the U. S. . Geological Survey, ‘Columbus, Ohio, for his splendid co- - 
operation in for data and for the pictures. gift from 


> Branch” by R. Dellensen. was very important for this work. Colleagues M. Cc. 


.. Boyer and A. T. Ippen kindly read the original manuscript and gave valuable | 


advice. Mr. J. W. Ball, Chairman of the Publications Committee, a 
‘Division ASCE, and competent reviewers deserve the gratitude for the con- 
structive | criticism; their remarks helped to improve the final draft. a . 
My sincere thanks to my daughter Evelyn for her — — and ode 

Mr. B. S. Saath, | Seattle, Wash., , for friendly cooperation. — 
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‘By! “By Herbert D. Vogel, 1 


the "growing pressuses urban 


growth tending to increase encroachment on the flood plain, thereby 


creasing flood damage potential. Reviews TVA experience in identify-— 

ing flood- d-danger areas cities one encouraging local action to guide 


a urban development av away from these areas. 


rivers, and they are losing. They “il Gillies to lose unless steps are 
taken to provide a “new perspective—an —and a a new channel of ac eee 


works, 


: "many of our river valleys are still subject to destructive floods, and the 
= degree of protection varies widely. _ Moreover, it will probably not be 
possible, because of physical and economical limitations, to provide full — 


<4 Note. e.—Discussion open until June a, 1960. To extend the closing date one month, 4 
written request must be filed with the Executive Secretary, ASCE. This paper is _: 
yee _ of the copyrighted Journal of the Hydraulics Division, Proceedings of the American So- 

ciety of Civil Engineers, Vol. 86, No. HY 1, January, 1960. 


Presented at the e July, 1959, ASCE Hydraulics Fort Collins, 
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1960 
flood mis leads to the inescapable conclusion that greater 


attention must be given by states, municipalities, and industry, and by the 
a. federal agencies concerned with development, to some form of regulation 
of flood plain use ... We should be as much concerned with avoidance of 
Creating a future flood hazard, as with means of correcting the damage 


He) 
of its conclusions reading a as follows: 
Each state should promptly review its existing 


_ tion to determine what steps are needed to authorize the use of zoning, 
subdivision regulation, building codes and other means. of land use 
cay Behind these three statements is the fact that engineers and public « offi- 
; cials concerned with our rivers and their development are taking a new look : 
at an old problem —the problem of preventing the damage, the suffering and 
People con- 
i cerned with the problems of expanding urban ‘communities are ‘realizing that 
> all is not being done that can be done to prevent damage from floods. ~~ 
Give He Behind this realization is a background of dynamic trends in our national _ 
life. | The 50-year record of flood damages since 1902, shows that in spite of 
al our Nation’s effort at flood control, the average annual losses have in-— 
creased rather than decreased, even when adjusted to the changes in the value 
2 


of the dollar. Even more significant, the losses during the last _ lf of wed ar 


period were twice as great as those in the first half. eet FoR 1. 


The difficulty is not that we have not built well. Some of 

= finest engineering achievements in flood control are right in this country. 

Rather, the difficulty lies in the ever- -shifting, ever-changing nature of the © 

use of the feet plain as the in response to 


tween 1900 and 1950, the number of urban as defined by the | 
has increased from 1,737 to 4,023. 1090 | the population 


than today. And again, almost all of this growth will be in and around our 
These forces create powerful and icresistible demands for lands for 
homes, shopping centers, and commercial and industrial plants, spreading — 
and radiating far beyond the formal boundaries of present cities. In — 
cases, the ‘most attractive land, the the land that seems subject to develop— 
; ment most economically, is the property in the level river valleys where the 
at In the past five years alone, a dozen or more states have felt the serious | 
and. | damaging consequences of flood-plain development. Disastrous 


have in rivers located throughout the and 
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crease has occurred within urban areas and on their fringes. Current evi- r aa 
dence indicates that the nonulation in 1075 wi 
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_ Kentucky, Kansas, California, Ohio, and 


Along the rivers” and along the low- -lying enetehaanen population pres- 
sures have brought a steady increase in the flood-damage potential. These 
are the areas vulnerable to the abnormal tides and waves pushed on shore by 
hurricanes, | which batter and flood the structures built too close to the sea. | 
Disasters which received national notice occurred in Rhode Island in 1954, :* 
_ North Carolina in 1955, and Louisiana in 1957.0 
faced with population pressures are confronted at the same 
— time | with» forces pressing upon them from another direction. With a national 
the bolstering of the free world, and with state governments pushed to meet : 
a the essential expenditures required for such vital programs as education and : 
7 a highways, the funds available for protective structures along our rivers have i 
been inadequate to keep pace with the growth of areas needing p protection. - At 
_ present rates of construction, projects now authorized cannot be completed in ha , 
less than 25 to 30 years e In the meantime new areas will be built up andnew _ . 
floods will descent to destroy them—unless | steps are taken to avoid this re- 
sult. ‘Time works against us. No matter how energetically we build, we fall a 
This is a situation © which, by its very nature, the engineer a 
\ ‘best. It is therefore a situation in which engineering leadership in its broad- 
est sense is urgently required. The country is faced with a combination 4 
a physical facts which add up to a growing peril for valley- ~dwelling people and val 
i, ¢ to a growing financial burden for the Federal Government. It is an obligation, — _ 
=a therefore, of the engineering profession to make it clear far and wide that a 
- new approach to flood problems is essential, and that time is of the essence — 


As TVA specifically recommended in its report to Congress, as General 
; Person stated in his recent testimony, and as the Council of State Govern- | 
ments concluded after a conference on the flood problem—the answer liesin _ 
the recognition _by states and municipalities of a new conception of their J 


responsibilities, which embrace preventive as well as corrective measures, 
In the initiation and exercise those have a pri- 
a | The m modern sciences of meteorology and hydrology make it scans to de- - 

4 termine with fair precision the kinds of storms a region may expect, the ~a 

: volume of water that may fall as rain, and the rate of speed at which it will 

a descend from the hi hills and mass itself with its titanic force in the flood plains ~ 

4 below. Engineers: can "determine the areas water will cover. The only 
: dumnent of conjecture in their analysis is the timing. _ These great floods can — 

_ come any time; within 10 years or not for a hundred years. They vanced \ 
With these great sciences at our command, we must hai limit our flood j 

damage avoidance programs to control measures alone. Modern scientific — 
methods ca can help guide the surging growth 1 of u urban areas to grounds that ar - 

safe from. floods; thus, the flood problem can be remedied in large part i‘ q 

‘keeping people out of the pathway of the waters. As foresters have learned to 

exert their primary efforts toward preventing fires, rather than suppressing ai 

them once they have started, engineers can educate America to this new truth 


with respect to floods— —that flood damage avoidance goes hand in hand with © 


we In the light of these clear implications, it is worth while examining the ex- 
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Sanwa Jamary, 19600 


extremely 
large, and probably It is probable that the tech- 


niques tested there over the last six years are adaptable to other states and 

localities; that their widespread use can save lives and property beyond [any 

“ability to estimate and can at the same time lessen the pressures on 
Federal Treasury for local flood-control construction, 

_ Historically, our attempts as a Nation to solve the flood problem have been 

- @6=.- directed almost exclusively to the use of flood-control structures. This was a_ 
_ natural development because early settlements were tied closely to the 

rivers for economic reasons. As early as 1717, plantation owners built 

~ levees along the banks of the Mississippi at New Orleans, and in the next 100 


‘years both banks of that great river were leveed for over 300 miles. States 
and local communities followed this pattern. So did the Congress in passing 

Flood Control Act of 1936 and its subsequent amendments, under 
_ which most of the flood control work of the Nation is now undertaken. TVA’s | - 
_ system of storage dams and of regulating those dams followed in this pattern: — 

_ They construct artificial works to master the extreme flows of the streams. on 
‘To the degree for which they were designed, works such as these protect — 

existing investment in many industrial centers vital to the economy. They, 
r thus, produce major benefits. In the Tennessee Valley, dams and reservoirs 
‘provide flood protection to more than a quarter of a million acres within the 
Valley and to 4 million acres of unleveed land in the lower Ohio and Missis- 
-sippi Valleys. Complete protection has been afforded in some areas, while in 
others the depth and frequency of flooding have been materially reduced. . The 

ae effectiveness of TVA’s flood-control system is well established. Average an- 
nual benefits amount to $13 million. Actual flood damages averted to date by 
_ the reservoir system ($140 million) plus the increase in land values resulting 

from the greater it provides to leveed areas” along the Mississippi 


- ment in flood- control facilities ($184 million) plus all operating expenses —_ : 
an allowance for interest ($84 million), _ 
‘Few systems ‘of river regulation provide complete protection. ‘The Ten- an 
-nessee Valley still have floods, even disastrous floods. ‘The greatest 
_ danger is at Chattanooga, Tennessee. TVA has warned time after time of the oe 
need for levees and for the regulation of the use of the flood plain to ) supple- - 
ment the protection provided by the TVA reservoir system. . Unless 
nooga builds these levees and establishes the needed regulations it is certain ¥ 
that the city one day will suffer a $100,000,000 disaster. AS ptt, elena ae 
ie Furthermore, there are many communities on small tributary streams for 
_ which there is ‘no economic method of _ preventing floods. Dams or levees | 
would cost as much—or more-—than the property in need of protection. Athens, 


_ Tennessee, on | Oostanaula Creek; Gatlinburg, Tennessee, _ the Great ol 


_ which can suffer crippling damage from severe local storms over their small 

yee 1953, the TVA Board of Directors took cognizance of these local flood 
situations to establish a special branch to deal with local flood prosiems. ae a 


its annual report to the Congress tha — year, the Board said the following: WG 
Ih the Tennessee Valley, as in other. parts of the Nation, little initiative 
has been taken by states and cities in assuming responsibility for local 
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flood control There is much that communities, counties, 


and states could and should do for themselves in these local flood situa- 
* tions. In many cases the construction of protective works is within the fi- : 


nancial | capability of the communities involved... 


county, or municipal governments against certain types of in 
hazardous areas is a device which needs further consideration and which — 
may deserve much wider application. Effectiveness of zoning would be in- 
creased if there were less chance to for these 


valley was the beginning of TVA’s concerted effort to encourage and assist ; 


alley communities to adapt to their flood danger on their own initiative, to) 
guide their community growth so as to avoid the vulnerable flood plain areas. 
TVA has one important asset to offer as an incentive to these communities, — 
This asset is a large pool of hydrologic data, gathered over many years and 
consisting of the records of rainfall, runoff, streamflow, flood profiles, 
_ other factors which enable the engineers managing the TVA flood control sys- 
tem to predict with accuracy the effects of the violent rains which sometimes 
| Sweep the region. With a relatively small amount of supplemental field work _ 
i and a small administrative staff, TVA can and does assemble all the anon ¥ 
information concerning the flood dangers of a particular city. It makes avail 
S able to state and local officials reports couched in terms a layman can under- 
These reports include maps, Ss, profiles, and cross-sections 
the elevations of past floods and the areas inundated. Similar information is 
us furnished concerning the mer floods that may be expected . The rate of rise 


flow areas is given because it indicates the time available for evacuation or 7 


< _ protective measures and provides guides for the safe engineering design of | un 
Communities often regard their highest floods the past as the greatest 
likely to recur. But often much more severe floods have occurred on other — 
streams in their regions. Since it is reasonable to expect floods of about the ~ 
same severity as those which have occurred in the general region, ' TVA makes : 


and for a regional that is, the flood 


for the still larger flood. These studies provide the 
practical and useful framework necessary in developing an economical and 
reasonable solutiontothe floodproblem, 
- Similar, though perhaps not as detailed, hydrologic and flood data are 
available today or readily obtainable for hundreds of areas throughout the _ 
Nation as a result of many years of work by other federal agencies. 7 The | 
my Engineers, the Bureau of Reclamation, the Geological Survey, the 
nie Oh Bureau, and the Department of Agriculture have had hydrologists in a 
_ this field for a long period and possess the information, skill, and aii sa 
needed to project this type of program toanational scale. = ~~ 
basin, TVA supplemented this engineering 
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touch wi e planning agencies of the seven Tennessee Valley states aswell Jf 
as with local planning un 


anuary, 1 


‘The program within the Tennessee valley nchteued momentum in a a 
prisingly short time. Flood reports have been prepared for 53 ‘communities, 
and reports for the next year will cover about 14 more. Communities are re- 
flood data faster than it can be supplied. 


tunities, TVA the 


“First, the initiative for a flood st study mus must com come from the local community, 


Second 


who then must request the aly for the state and community. ¢ The state has . : 
responsibility in carrying out these measures, and the T.V.A. does not o 
short- -circuit the state offices. At the same time, it is ‘made plain to local 
- Officials that the facts obtained in a flood survey will be presented without 
sugar -coating and that will not be made to 
lings or nt rests. 
oo 


Third, the reports made no as to what the “community 
_ shall do to meet its flood problem. The report is purely factual. It provides 
= base from which the state and local people can analyze their problems and 

plan to meet them. It is the logical first step in any program of flood- damage a 
G abatement. The data are needed for subsequent feasibility studies both for — 
flood- control protective works and as a basis for determining flood- plain 
regulations. _ They will be equally necessary in supporting the reasonableness 


regulations if the regulations are contested in court. 

=. The indispensable keys to the success of the program are effective action- 7 
‘wiiaia usually planning agencies, at both the state and local level. In fact, >, 
no action occurs without them. The local community has the power to adopt b - 
standards for the use of flood-hazard areas and otherwise guide the use of = 
such areas. Zoning, subdivision standards, building and housing codes, the 
location of schools, the construction of roads and bridges, the location of pub- 

_ lic utilities—all these are factors involving local jurisdictions and state laws, ce 


7 - which only local and state units of government can deal with promptly and ef- 


= 


4 to the flood problem. Where the land is already intensively built up, investi- 

4 = gations would include the economic feasibility of physical flood control or pro- i 
tective works either asa ‘separate project or as part of an urban renewal pro- 
gram. Where sparsely developed or open land exists, regions covering» 

_ the use of the flood hazard areas are considered. Both, however, would be 
related to the community’ s plan for development. 
i. _ Frequently, the community involved is not financially able to maintain the 
staff of experts in the fields of engineering, law, housing, industrial develop- ; 

ment and planning which would enable them to utilize the findings of the flood 

J = study effectively. An important responsibility of state governments . 

 &§g po es fill this gap, to place at the disposal of the local communities a staff of 
able to give technical to small in of 
4 


Parenthetically, the engineering sciences have in recent yates 

_ it feasible to locate businesses and industries on sites well removed from the et ae 
‘river bank. Electric moves the of ‘river "over 
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LOCAL FLOODS 
+ ae many miles. In some instances the need for river-site locations can be elimi- a. 


; e: nated through the use of conveyor belts and pipelines for transporting raw 
materials brought in | over the waterway. Telephone and radio communication 
cad ee make direct access to the river for communication purposes unnecessary, and hs j 


pipelines and pumps make it to bring industrial water considerable 


a The city of Lewisburg, in Tennessee, is a good example of a community y 

_ which has responded to a TVA flood report with an action program of a com-— 
= “prehensive nature. Following receipt of TVA’s flood data, the local Planning 
ae 3 Commission, with the aid of the state planning agency and technical assistance _ 
: from TVA, made a study to determine the best solution for its flood problem. — eh 


4 


re damage were ‘Buildings along the fringes of the g 

were “required to have floor levels at en elevation which would be above i 
stage for which zoning was adopted. 
oa ° a flood data reached Lewisburg in time to prevent the opening of two 


as a result of an accurate knowledge of their flood problem. — _ City officials of a 
= Tennessee, expanded their purchase ¢ of a school site to include a 
__ flood-free land suitable for building. The land which is subject | to flooding 
E was devoted to playground use. Chattanooga, Dayton, and Spring City, Ten- * 
have used TVA flood data to plan new school construction. Shelby- 
ae ville and Knoxville, , Tennessee have used used similar inf information in planning ur- 
_ The Federal Housing Administration, the Veterans Administration, ee, 
Public Housing Administration, and the Urban Renewal Administration have 4 
all used flood reports in processing home loans and in planning public proj-_ - 
ects. The departments of the state governments making use of the flood in- ; 
~ formation include those dealing with highways and industrial development. = 
P my. While this procedure for coping with flood problems will have its princi- _ 
ar pal effect on the future growth of our communities, it has a smaller but ‘sig- 
hee nificant effect on areas of cities which already have developed within flood 
sae _ danger zones. Our urban areas are not static. Residential areas turn com- 
mercial and business areas are converted to manufacturing. 2 Urban renewal = 


involves the razing of slums and the elimination of blighted areas. 
and belt parkways require remodeling much of the face of the 


tation on the flood plain, and the flood potential must be considered in order 
take the fullest advantage of the modernizing programs. 
In recommending to the President and Congress a national program of 
/ flood damage > avoidance, TVA has not sought to imply that present emphasi 


on corrective flood control measures _ Should be discontinued or even gor 


4 
4 
q ld have been completed by the time 
f the March 1955 flood, which would have put f 
Other cities have had an opportu 
4 
ae 
— 
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; 3 dustries and installations so intimately associated with the river that physical — a 
nearness is essential. National as well as local interest requires our aware- 
of this fact. ‘Thus the T.V.A. stated in its report, ‘ “federal planning and 
development of projects which are parts of major stream regulation systems 
8 are essential. These systems, as under spies programs, should continue to 7 
financed largely by federal funds.” 
But the T.V.A. is convinced that the weight of the Federal a 
- and it might be added, the weight of the engineering professions—must be 
Si thrown intoa national effort to bring about the realization of the great respon-_ re 


sibilities which states and communities must undertake if they are to prevent 
-‘The local government must appraise the local flood problem and determine 
_ the best solution, ‘preparing and executing the necessary plans to accomplish 
that purpose. Engineering skills are essential in this process. ‘The local of- ea 
a. ficials are the individuals who must establish flood-plain regulations in £30 
manner which will receive public acceptance and at the same time guide a 
buildings away from flood- hazard areas. Here” again, the counsel of trained 
_ engineers is most important. - These same officials must be prepared to with-— 
stand the pressures from special interests which seek to overthrow or make 
exceptions to the regulations. ‘Further, they must create a continuing aware- 


. | tee This new emphasis on flood avoidance should take a positive form as well 


‘subdivision regulation do only half the job. Positive community planning 
and guidance, with incentives provided to induce development away from the 
Correspondingly asa matter of national policy it is wise to stimulate 
5 _ spread interest among the state and local officials by positive incentives as _ WA 
z well as through restrictive action. For example, it is necessary and desir- sf! & 
able that the federal financial contribution to flood-control projects should be aoe 
a contingent upon the requirement that the city or state initiate and prepare 
ra engineering plans, and that they undertake the controls and guidance which will ‘ix. 
g guard against the unnecessary spread of buildings and other improvements on ee = 
the flood plains se the same time, there must be an active program of edu- 4 ra , 
= to make sure the communities realize their growing hazard, and that sia 
they are aware of the opportunities for guided growth which are —. ’ 
through the hydrologic data which government agencies can furnish. 
his address to the 1957 Governors’ Conference at Williamsburg, 


_ ginia, President Eisenhower deplored in vivid language the trend toward cen- 
nature,” he said, “people and their governments are intolerant of 
vacuums. Every | State failure to meet a pressing public need has created cat 


as the negative action of preventive regulations. Zoning, building standards, 


opportunity, developed the excuse and fed the temptation for the national — 

as government to poach on the States’ preserves. Year by year, responding to — 
transient popular demands, the Congress has increased _ Federal functions. : 

a * slowly at first, but in recent times more and more rapidly, the pendulum — ee 
of power has swung from our States towards the central government.’ 2 Bs. 
: Here, in dealing with floods, is a chance to reverse the swing of the pen- 
dulum. Indeed, unless it is reversed—unless the states and: their local — 


cal subdivisions take up the vacuum m will be 
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FLOODS 
peng For here is a field in which the Federal Government can _ as- 


sist. The success of this entire country in © coping with its growing flood prob- 
lem will depend on how effectively | local communities, working at the grass. 

roots, — deal with their individual problems. The job can never be accom- ~ 
plished by one level of government working alone. = | 
We have the tools of science and government, and we have the knowledge of © 

how to use them. Now we need the enemies and cooperation of all levels — 
‘There is no better way of summarizing these views than by quoting from _ 
& letter to Congress through which TVA transmitted its report, A Program © ss 
for Reducing the National Flood Damage Potential: 


TVA believes that local communities have the responsibility to guide their 
- growth so that their future development will be kept out of the path of flood q 
waters. With the States and communities of the Tennessee Valley, TVA | 
has developed a means of putting this proposition into action. This experi- = 
a program has operated successfully f for six years. It incorporates — 
‘the concept of flood damage avoidance as a partner of flood control just as _ 
forest fire prevention is an indispensable arm of forest fire control. It is — 
7 saving lives and property in the area while diminishing the future demands — 4 
ae on t the Nation for flood relief and flood control expenditures. We believe 7 
_ the same results can be accomplished by adapting this experience to other 
areas throughout the United States. The pace of river control development | 4 
_in relation to the even greater rate of urban encroachment makes it urgent > 
this broader concept be made a part of our national flood control 


— 
— 
| 


Journal of 


Proceedings the American nk 


_THE FOURTH ROOT n- di DIAGRAM 
By 7. F.ASCE 


SYNOPSIS 
diagram, the “fourth oe diagram,” is 


‘friction-factor design d 


as an alternative to the Moody Diagram for eng engineers who 


prefer to use the Manning equation for 


Essentially, this design diagram isa Diagram in which 
‘the logarithmic basic phase lines have been linearized, the set of transi- 


tion curves for one type of boundary material has been replaced b 
7 few samples for several types, the set of linear “ rough boundary” lines wi 


has been collapsed int into one, anda special line has k been added to relate” aa 
Manning’s to height. The scale of roughness height is not 

the formula used for the diagram deviates slightly from 


Manning’ s if compared over a large range of diameters, and deviates 


Va 
om more from logarithmic formulas. ‘The ‘diagram can be e reproduced 


scaling up the few transition curves, whos accuracy is impor- 


— — 
— — 
— 
— 
: 
— 
— 
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- unimportant for the purpose of the paper so it is mies ina ell 
INTRODUCTION 
uate engineers” prefer to design for steady turbulent flow in uniform pipes ea 
% and canals by using; (a) the Manning equation for the phase of flow associated 
= so-called “ rough boundary” and, (b) other, apparently unrelated, formu- — 
las for transition and smooth boundaries. ~ ‘This procedure leaves them in 
a doubt as tov when they should make a change from one formula to y another. On 
other hand, textbooks are given increasing prominence to by 
_ means of a friction- factor diagram fitted with design lines based on certain 
theoretical formulas. . This diagram, the Moody Diagram? (Fig. 1), purports 
x to cover all the phases of flow associated with rigid boundary roughnesses aa 
- that can be expressed in terms of a single “roughness height,” provided the 
fluid” is Newtonian and free from ‘solid suspension, and provided the pipe <a 
- ae is circular. Means can be suggested for applying or adapting to other | 
types of roughness, non-circular shapes, , channels, non-cohesive boundaries, 
= and fluids that carry suspensions, or are non-Newtonian; these means do not > 
‘seem to be included in the original derivation 
Bis Presumably there must be some good reasons for refraining from use of _ 
% the Moody Diagram’s practical advantages, and theauthor lists some probable 
ones in Appendix | To overcome them constructively, the prime purpose 
this paper has been made the presentation of a friction-factor design chart 
_ intended to give the practical paeringe of that kind of plot, combined with 
aad freedom to use Manning’s n. 


_s for practical use the author proceeds, in the next two sections, to de- | 
scription and use and relegates abbreviated theory at the end, where the pure- a on 
ly practical reader can ignore it without loss. The reader is assumed to have | 
studied a first course in hydraulics and to have been acquainted with the | tare 
_ nipulation of the Moody Diagram, as detailed in some texts. 20 ee 
= exceedingly brief resume of the status of flow formulas may | bring 
out the essential simplicity of the topic regarded as a whole ay epee aia. Es. 
Every flow formula with an alleged “theoretical” background is based, like 
_ the old-fashioned Chezy formula, V = C vr S, on an idealizing assumption, and _- 
lacks full logical justification; no formula of any origin has been supported : 
uncontroversially by the whole range of practical data. The reasons for this 
_ include; the inability | to describe turbulent flow, and the inability to measure 
_ ‘natural roughness heights directly. All analyses of data to test theoretical 
formulas, or to produce formulas free from speculative | bias, may be | con- 
_ sidered as ; attempts to relate Chezy’s C to the physical factors upon which it os 


and Chezy’ s may be thought of as the fundamental one of the 


4 


om 


Janvary, 196000 
e of the diagrams are pres¢ 
ced for practical design and judg 
can be reproduce 
&§ 
— 
Lop 
>Graw-Hill, 1958, C 


ROOT 


— 
__ 4000 6000 __|10,000 


| 


0005 


ASPHALTED CAST IRON 


COMMERCIAL STEEL OR 


‘2008-008 
o00es 


ORAWN TUBING 


WROUGHT IRON 


GALVANIZED 


— 
— 
= 


- subject. However, the relationship among physical quantities of any kind can 

be reduced to a minimum number of terms by rearranging them into non- -di- 
F mensional groups. This as now taught under the heading, “dimensional analy- = 


_— sis.” The method was well known at the end of last cad sO pry s C was 


equivalent to = 8 r 


“and on shape. So the obvious towards the behavior, | and 
-_sibly functional nature, of f was toplot it against R for observed data for cir-— 
cular pipes: (to eliminate the shape factor). This kind of friction- factor dia- 
gram plot was used as early as 1911, by T. E. Stanton3,4,5 who acknowledged 
_ dimensional ideas to Stokes, “Helmholtz, Reynolds and Rayleigh during the * 
- nineteenth ¢ century; but didnot attempt to fit the plotted data with lines of equal 1 
‘relative roughness, because natural roughness is not measureable. Stanton 


for this condition. “Plots of data c on friction- diagrams. estab-_ 
lished the existence of the two main phases of turbulent flow that is now as- 7 
sociated with “smooth” and * rough boundaries,” and the transition between 
led to a search for formulas for the "main ones. As various” rival 
- formulas came into use, the way was cleared for a design friction- factor 

diagram that would plot formulas of good repute, inetene of data. The Moody — 

Diagram, Fig. is an 1 example, based on formulas (that do not 


being directly measureable, be defined by the formula used 
diagram; any ! formula of good repute will suffice provided that its “ coefficient 
; of ignorance” can t be made linear by dimensional manipulation--for « example, | 

< Manning, Bazin, or the fourth-root formula of Fig. 2--but | each formula — 
have a scale different from every other and, being of good repute, will give 

; about the same practical answers in use however different the scales mel 7 

bs It | is rn noting that the | subject is made difficult by attaching personal 
names to formulas , according to countries of use, putative origin, vad particu- 
lari terest of | user, etc. 2 Thus the same, or virtually the same, formulas 
“carry variety of. names, for example, "Manning- Strickler; Chezy- Fanning- 
. D’Arcy-Weisbach. Actually, the whole subject reduces to one formula defining 
the coefficient of ignorance f and two true formulas (not yet agreed), 


one to express f for smooth boundary > and one for rough; and there is good 


4 reason: to believe that these two will prove to be derivable from one that can — 


— 


_ 3 “Similarity of Motion in Relation to the Surface Friction of Fluids,” by T. E. Stenton 7 
and, J, R. Pannell, Phil. Trans. Royal Soc. Series A, 1914, Vol. 214, pp. 199 - 224. ce F 
, 4 «The Mechanical Viscosity of Fluids,” by T. E. Stanton, Phil. Trans. Royal Soc. __ 
5 “Friction , Section in Dictionary of Applied i Physics, ” by Sir Glazebrook, 
Mac- -Millan Co. , London, 1922, pp. 356 - 363. 
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divided into the | two by expression of an equivalent 


height and will ewe rise | me ail 


“General The term root n- “4” refers ti to 


= 2.0 (a/x)1/4 
which, with the fourth root ‘replaced by the sixth, be of exactly the fu 
form of Manning’ s The main scales of f and make it, like 
Moody Diagram (Fig. a classic friction- -factor diagram. The scales 
are logarithmic for maximum convenience. Figs. 1 and 2 should be compared © 
point by point for the following description: 
‘The design line for smooth boundary is obtained by placing x x = le laminar 
film thickness and using a thickness value borrowed from an argument of 
Prandtl’s for a slightly different case; this gives the Blasius equation. ‘The 
corresponding curve in | Fig. 1 is based on a logarithmic formula which the 
author believes to lack a completely logical foundation and verification 
The design line for rough boundary is ¢ obtained by placing x = e, the siti 
height, and appears in the bottom left- -hand corner of Fig. 2 


(d/e)1/2 2 = 0.25, which is just Eq. 1 in different form; above it is alineto 
be convert d d/e to e/d. _ This rough boundary line is the equivalent of the set of 
he nearly horizontal e/d lines in Fig. 1 and could b be used to draw such a —~ on 
Fig. 2 if the user wished (see Problem 3 below). i Note -e is not Moody’s 
‘The Transition Limit line has its counterpart in Fig. 1 and is based 
_ ? same argument, so is parallel to the Blasius line; its location suits that of its — 7 Lie 
= counterpart, with a very slight adjustment to suit some field ate are, 
*, Between the Smooth and Transition Limit lines is ‘the: zone where ee 


curves. The curves are totally unlike ones that can be found for other ma- © 
a terials. Accordingly, Fig. 2 gives four examples: from | the Fig. 1 curves, cut-— 
= 
 sand- roughness from. the laboratory, and si six of very large 
7 asphalted-steel tunnel linings. These examples are intended as a guide, so land 
the user can interpolate, andasa warning that whatever the user i interpolates ee 


must be based experience; of course, there is no ‘need to inter- 


1934, Dover Publications, 1957,Sec. 39. 
“Fluid Mechanics,” by V. L. Streeter, McGraw- 
8 “Unification of Flow Formulas,” | by T. Blench, Transactions Seventh Gen. Meeting io 
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is provided; its scales are to the he right of an and on top sini mee eda we 2). "7 ' 
It is most important to note that, in this formula, n is avalue that is known to . : 


be applicable because it was found from observations of pipes of diameter ll 
equal to or not much different from d. The reason for this qualification is that 

Manning’ sn is believed be slightly dependent on size of pipe, so that it has 
to be multiplied by d1/12 to produce an “absolute roughness” that will not 
is Construction of Diagram.—A practical value of the diagram is that it can — : 
= drawn rapidly to a scale on acouple of pneu 2 x 3 — logarithmic — 


, 0. 0037) . Note that e defined here i is 
not the e ‘of the Moody diagram an and must not it, even ap- 


This is the well-known Blasius line, po f gift. = 0.316 » SO can be drawn 
by joining f = 0.0316 at R = 104 t to f = 0.0 00316 at R= 


_ This has the equation f Ri/4 - 0. 8, so is parallel to the Blasius wi whose 
slope is minus 1/4, and passes through f=0.008 at R= - 108, ‘that is, — 


the bottom right- -hand corner of the diagram. . It has been ‘drawn as a com- 
‘promise between the showing of the various transition curves et below) and 
_ the curved transition limit of the Moody Diagram. 
equation is f (d/e)1/2 = 0. 5, so the line passes f = 0.0025 at 
de = 104 (outside the diagram) and f = 0.025 at d/e = 102. (Note that the axis _ 
de is is marked half-v way up the diagram. This line is continued ‘slightly 


user that he is approaching the condition ‘shake actual roughness height may 
4 be so large a fraction of the pipe diameter that the solution of a problem 
using diameter at the base | of roughnesses may be much different than when a 
using diameter at their tips. The formal e value shouldnot be employed alone se 

to decide this matter since, although it may give va maxinum height of 4 


larger than the apparent ones in relatively 
smooth materials like concrete. The 10 e/d against d/e line is for those who a 
_ These curves replace the - Colebrook- White ones which cover the whole of the © 
Moody Diagram’s depth. Their object is to give the user an idea of the types 
of transition to expect for different materials, anda knowledge of the ranges 
variable covered by well-known or authoritative field observations 
laboratory experiments. They are : widely spaced because the practical user is - ) 
Bra srs to sketch transitions in terms of (a) the given ones, (b) all other 
available information relevant to the specific problem, and (c) personal judge- 
These are sketched roughly from diagram after having 
_ checked against the Colebrook-White paper,” 9 and seem to cover 


— 
— 
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range inge of actual observation both horizontally and ve lly. ‘The W 


b Marked N. . (for Nikuradse) 
These cover the Nikuradse artificially roughened pipe e experiments? from 
a am the second roughest to the smoothest (the roughest being omitted as its 
i _ correct diameter seems doubtful to the author) . They probably represent — 
concrete surface roughness free from form- marks, pipe joints, etc. Of 
3 course the —e/d values in the diagram should not be compared with 
Nikuradse ones since they are devised to a different scale. Bese ‘. 
‘Marked HPE/C (for Hickox, Peterka, Elder/Concrete 
These are for large concrete tunnels, “taken from Fig. 6 of Friction Meas- 
en in the Apalachia Tunnel , by Rex A. Elder, Trans. ASCE. Vol. B 
¥ 123, 1958 and Fig. 19 of Friction Coefficients ina Large Tunnel, by G. a 
Hickox, A.J. Peterka and R.A. Elder, Trans. ASCE Vol. 113, 1948: Fig. 19 
relates to discussion by J. N. Bradley and S. P. Wing. is to be noted par-— 
_ ticularly that they show the kind of trend to be expected from the N curves, 
_ but to a different degree, and that they are not =: reconcilable with the | 
‘smooth pipe line of the Moody Diagram 
This is from the Fig. 6 quoted above, for 1944 data, and concerns steel- | 
he _— large tunnel witha ‘type | of asphalt coating described in the cohol 
the smooth-pipe line, in the zone SUSPENSIONS, Fig. 2, 
aa actual data for clean liquids should fall except due to errors of measurement, 
a However, , datalo for ‘Suspensions such as occur in sediment-bearing streams, 
x ‘paper pulp transport, etc., may fall below it. Above the transition limit, in wi to 
; zone marked FULLY TURBULENT, ROUGH, data obey equations of the Man- © 4 
“ ning type and the fourth root line is used, Between the smooth pipe line — 
the transition limit, in the zone ition curve tat are points that can be 
4 defined ~~ ah the type of t 


‘ USE OF FOURTH ROOT n- he 


‘Moody 
problems do not need “trial and are framed mainly to 
iJ a reader minimum trouble in verifying that the diagram can be sails 
problems also illustrate some important practical points. 
Problem 1.—Observations show that Manning’s n is 0.013 for a lined tun- 
nel of 20 ft. diameter. What are e, e/d, d/e, and f for “ rough boundary” ‘.- 
‘ Answer.—dl/12n | = 1,283 x 0.013 = 0. 0167 . Top line of diagram shows _ " 
= 0.042 ft. (Notice that the equation used in defining e makes it somewhat __ 
larger than would be imagined for concrete-like materials; it is not intended 
_ to give exact visual representation.) Then d/e = 20/0. 042 = 476, and the | 
: fourth- root line shows f=0. 0115; the 10 e/d line above it shows e/d = 0.0021. ‘aay 


_10 “Regime Behaviour of Canals and Rivers Blench, Scientific 
‘Publications, Toronto, Canada, (1957, (Chapter 5). 


— 
"which has been extrapolated to cover part of the diagram where the 
of the formula are of doubtful applicability. They apply to “new __ 
: 
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Problem a. 5-ft diameter concrete pipe- 
line, carrying flow in the “ rough boundary” stage, has a boundary identical in ly 
nature with that of the 20- ft conduit. - Assume further that the definition of e 

€ by the fourth- root diagram is physically perfect. What | would be the value of 

Manning’s n forthe 5-ftpipe line? 

Answer. — —As di/l2 yn would have to be the same for both diameters 
ng/ngo = = (20/5)1/12 = 1.122. So ng = 1.122 x 0.013 = 0.0146. This illustratesa— 
feature of Manning’s formula that is well known in canal practice,10_ namely, 
_ that Manning’s n, for exact design, has to be reduced for large channels at 4 
have apparently the same true boundary roughness as small ones. 

Problem 3.—Experiments with ; a certain pipe rough | boundary stage 
7 showed that it had an f = 0.02. “Assume it were tested with R = 105. | What — 

_ would be the value “e during the test, if thepipe were of (a) new commercial 

— ‘a Answer. —This is solved exactly a: as with a Moody Diagram, but the Moody 

Diagram would compel the user to accept a Colebrook-White curve forcom- 
_ mercial iron, and would have one ready drawn for him close to f = 0.02; this 7 
curve would run out to a horizontal tangent very close to the “transition 4 
; ‘limit. aan The fourth root n-f diagram would not usually have a curve near a 
_ enough to be immediately useful. So the user would have to sketch a curve  & 
~ using the CW, N, etc. types of curve of the diagram as a guide, and supple— "i 
_ menting them with practical experience; or may prefer to use the diagram as 

nothing more than a warning to use some transition formula, for example, 

Hazen-Williams formula, known to suit the case. The curve to 
_ would have to be tangent to f = 0.02 at the transition limit line. For conveni- 
ence, this particular problem has been posed so that an N and a CW curve 
will available. show that, if applied to the iron or 


accord- 

ing to (a) Moody, and (b) n- -f 

= —0.008 and 0. .0056, extrapolating the Blasius line outside Fig. 2. _ 
- _ Problem 5.- —On an n-f diagram plot all the HPE concretecurves of Fig. 19 

of the reference. v.(c), (above), that may appear to be of N type if they were 

- complete. _Plot also the smooth-pipe line of the Moody diagram. Consider il 

uk many cross, or head across, , that smooth- pipe line, how many | could be con-_ 

verted bear reasonable looking 'N curves tangent to it, and how n many could be 


a Answer. .—Reader’ s judgement. The problem draws attention to the diffi- % 
- culty of obtaining data for a definite judgement on flow formulas, the doubtful- 
‘ ness of the Moody smooth boundary line at high Reynold’s Numbers, and the | 


danger of extrapolating theoretical formulas. 


Answer. practice, ‘effective though not perfectly logical, is to 
any given of radius by a circular pipe of 


“PRINCIPAL THEORETICAL POINTS 
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Write ii the alternative 


= 1. 
Ge 


where Aisa that can be adjusted the scale of e, and d is 34 

Note that Vg n has the dimensions of (length) 1/6 because Manning, like Chezy, 
‘saw no point in showing Vg explicitly in his formula. Had he introduced Vg he | 


_ would have an improved n with the dimension ae Cunpations with 


/3. 

‘§(d/e) 1/3 B 


g Canal experience ‘shows that tate n is a function of d, but a compara- A 


tively large ‘Tange of d is needed to demonstrate the effect. ” The author be- 
lieves engineers who deal with | large ‘conduits have observed the same effect. 

_ The matter can be adjusted for canals by altering the index of r from 2/3 to — 
3/4, which would make V vary as and indicate that Manning’s 
FE should be multiplied by a proportional to rl 12 to convert i it into an “absolute 
ond that would not depend on channel size. .. The postulate ofa univer- 
sal flow formula for all boundary types makes the index 

‘sistent. Accordingly an e scale has been defined by 
Eliminating f between and equa- 


tom, via Eq. 2, gives: ok 

“also used inthe diagram, 

_ Consistence Between e and Visual Appearance of Roughness. —The author 
would be content to treat e as acode number to be attached to roughness types 

_ that would be recognized intuitively as an observer recognizes faces; this is 
con with n. In fact , there would be convenience in oramgne the con- 


for constructing the diagram. 


deference to Moody diagram values, and to the preference of a a proportion of 4 
engineers for values that suggest heights, the author has 


e@-values that suggest something like the overall height of "irregularities in 
Sra rock tunnels, which are the only practical roughnesses that are fairly 
- common and are really assessable by eye. Obviously, as an e-value means 
_ nothing more than the height of some standard roughness that gives the same 
= _ resistance as another roughness that may be of quite different a appearance, 
boundaries of comparatively smooth texture that probably owe much of their 
a resistance to nontextural effects like form marks, irregularity of section — 
7 s alignment, etc. , will not be too well represented by this particular e scale; in. 
fact, conerete boundaries will have rather higher values of e than might be 
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of ‘Manning Formula Diagram.— —To compare 
‘Moody and Manning rapidly let B = 0.02 in Eq. 4. Call the e defined by this” 
equation e’ and reserve e for the Moody Diagram. Then the equation gives 
f=0.02 for d/e’ = 1000, and the Moody Diagram gives f almost the same for 
d/e = 1000. So, for any ‘one pipe, e e =e' at this point. Now consider a pipe of -, 
1 ft diameter with e = e' = 0.001 ft. Suppose a 20-ft diameter conduit is to be 
- made of exactly the same material. _ Then the believer in Manning would be- 
lieve that d/ e' = 20,000, and the believer in moody would believe that d/e = 
20,000. Eq. 4 would pr redict f =0. 0074 for the former and the Moody Diagram a * 
would predict f = 0.0107 for the latter; this deviation is more than a practising — 
engineer would accept. If it is assumed, for argument, the Manning estimate = : 
; f=0. 0074 is correct, then the Moody diagram shows that e/d = 0. 000006, or - 
—e€ = 0.00012, which is ‘about « one-eighth of the e that applied to the identical 1- -ft 7 
pipe. This raises the question of whether an observer could fail to notice ee: ‘ 
change in boundary appearance when e was shrunk to one-eighth; if not the in- 
_ consistence of Manning and Moody is clear * the author’s belief , already — 
_ discussed, that Manning requires the deliberate reduction of n for large pipes, i 
is correct, then the Moody diagram differs from Manning in the same — 
tion that Manning differs from the true. ‘oki 
_ Universal Flow Formula.—Belief in the existence | of a universal v iil 
distribution (not in its particular equation) implies belief ina. _— flow 
formula. the latter belief consider the formula: 
a aS i. If x= laminar film thickness 6, , and the ; argument used by Pra Prandtl is ap- - : 
4 plied to deduce that the relative thickness of a boundary layer is inversely as_~ 
the Reynold’s Number, we find that d/x is eee by the square root of Fa! 


dune formation, the formula turns into the flow for canals of ‘regime 
wit If x =e, for rough rigid boundary, then the formula is the Hien’ one 

a 


a is to be noted that case iii cannot be checked as well as the others from 
- data because one cannot obtain pipes or channels of different size with bound- : 
* -- that can be > guaranteed identical. Case ii has very wide verification, 
in the rigid boundary case. Case i should be particularly reliable as the 
q ‘oe depends entirely on the fluid viscosity. Comparison of the Nikuardse 4 


zg and the boundary, being formed from transported load, is not so indefinite as 


smooth pipe experiments, practically the same as Stanton’ s, with the Cole- 

brook- White ones, shows that they do not prove that the Blasius formula 

breaks down a at high Reynold’ s Numbers; ; all that is shown is that, no matter 
& how smooth a pipe looks, it starts to become rough at some high Reynold’s _ 


Numbers. _ The data plotted in the transition zone at me bottom of the n-f 
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= friction factor; 
acceleration of gravity; 
Manning’s n; 
42 nal hydraulic radius; 
= loss of head per unit hydraulic gradient; Wit: 
— = mean velocity over section in turbulent flow; and pees 


 * ‘The Manning formula is reasonably reliable for large conduit work in or 
near the rough boundary st stage; the Moody diagram is | relatively | unsatisfac- — 
a a, The « ‘smooth | pipe” line of the Moody diagram is ‘somewhat inconsistent _ 
iii, The curves of | the Moody « diagram | have v very complex formulas. — Paar 
* iv. The Colebrook-White transition curves on the diagram which have been 
extrapolated well beyond their data » apply on only | ” beads commercial iron pipes, 
nd are quite inapplicable toconcrete. | 
p ve The experimental data of roughness sail ls were not perfect but the rela- 
roughnesses of the diagram have been to several 
a: Texts on fluid mechanics | have made the tactical mistake of discussing inf 
obscured, but patently illogical, “proofs” of the logarithmic 
_ flow formulas upon which the diagram is based. — Actually, the formulas rest 
on nothing more than the fact thata logarithmic velocity distribution is em- 


—_— a good fit toa circular pipe; ‘Prandtl produced a proof for it under 
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GENERALIZED DISTRIBUTION NETWORK HEAD LOSS CHARACTERISTICS 


by M. B. ASCE 


an analysis of distribution syst systems can ‘be expedited 


means of principles | dev eloped in this paper. | Head over 


range of demand and equalizing storage ge rates can be ecalculated eee, oat 


based on only two or three’ complete ‘network analyses, design : 


assumptions en employed in {in normal p practice 


‘There are presently two principal avivinins in use for the detailed calcula- = 
7 _ tion of head losses in complex distribution networks . Calculations can be per- ol 
formed through direct analogy with a Mcllroy Network Analyzer(1-a)2 or by. 
successive iteration via a digital computer utilizing a Hardy Cross relaxation _ 
i (2-a,2-c) Regardless of the machine employed, computations for a 


‘ly a minimum of network analyses through the use of generalized system head 
loss characteristics recently deduced. method is with th the re 


P —— —Discussion open until June 1, 1960. Separate Discussions should be submitted 
for the individual papers in this symposium, _ To extend the closing date one month, Ag 
written request must be filed with the Executive Secretary, ASCE. This paper is part 
; 7 of the copyrighted Journal of the Hydraulics Division, Proceedings of the American So- 
ciety of Civil Engineers, Vol. 86, No. HY 1, January, 1960. 
om 1 prof. of Hydr. Engrg., C. E. . Dept., University of Illinois, Urbana, ae 


2 References in numerals. » (thus l-a) refers to items in 
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Pee: oaron to a principal, or arterial, network. Time and cost considera- 7 
‘ tions preclude the determination of pipe resistance coefficients by field mea-_ 4 
, ‘surement for other than the primary feeders comprising the arterial system. y 

_ Further, the inclusion of pipes of small carrying capacity would become an 

unnecessary burden in the analyses and would neither reduce the infteence of he: 

ru necessary assumptions nor improve the « overall accuracy of the results. 
“w Existing demands (loads) must be somewhat arbitrarily apportioned and 
- consolidated and then concentrated at points on the arterial 3 

consumption rates for commercial and industrial users can nearly always be © a 

“obtained from the more extensive readings taken on large meters. = Appraisal 
- annual average domestic consumption from meter readings is not always __ 

_ practicable and recourse must often be made to en distributions (namely, et i 

An hourly record of total demand variations for a system, or separate dis- 7 
trict, is normally available. Unfortunately, the time-variation of individual or 
even groups of local loads is seldom known. By default it is assumed that each > 
local consolidated load fluctuates in direct proportion with the total system de- 
‘mand. The term “proportional load” will describe the typical design assump- 
_ tion that each | individual consolidated load varies or genre about its — 
s. Thus for 


each load are justified on two bases: (1) design is usually directed towards 
a projected future demands under estimated or planned future condi- ; 
= (2) these same estimations and assumptions lead to calculated Sys- a 
tem head losses for a class of existing networks which — agree remark- iq 4 
must be recognized 


mating and of loads, and assuming complete proportionality 


_ tween calculations and field measurements is less likely to be obtained where 7 


there is a of and/or commercial loads. 


— PROPORTIONAL LOAD HYDRAULICS 


network, a head loss balance will be achieved only when the horend of each pipe 
is a fixed proportion of each of the individual total demands. An elementary, 
7 specific, single-loop | example of this relationship is offered in Fig. 1. The | 
1 total sendout is divided equally among the three loads in the — Flow 
Sid coefficients have been assigned arbitrarily to each of the four pipes. | For a 
: - balance in head loss the flow in each pipe is a fixed part of the sendout, Q,: for = 
_ the given loads and pipe e coefficients. Head loss has been taken as being a ; 
~ function of the square of pipe flow rate, but the use of any other power of _ 
+ (eee Notation) would also result in a fixed relationship and the distribution of | ; 
In Fig. 2, Case its shown a balanced, simple, two- -loop network given Re 


ey 
ae 
| 
 @Xample the maximum and minimum hour demands o average and maxi 
a: - mum day are taken as fixed multiples not only of the annual averages for th ‘ oi 
a 
— 
that while the assumption Of proportional loads 1S suited to applications for 
— 
4 
= 


_ reference 2-a, with m = 1. 85. _ The sendout, Qp; and each of the five loads have 


been doubled in Case i. Also, the flow in each pipe has been doubled with the i! 
_ sorresponding loss in each vee then becoming 21. mare that for Case I, and 


4, 


867168)Q 


THEREFORE, WITH PROPORTIONAL LOADS EACH 


PIPE IS A FIXED RATIO OF THE TOTAL DEMAND, Q Pct 
FIG. 1.-EXAMPLE OF PROPORTIONAL LOAD HYDRAULICS 
loads balance when the flows in each line are also ~~ to aanpetnerstn de- . 
mand. For example, , in pipes e' and e, Cases I and II: 
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d' and d Cases I I and I: 


1-85 (0.6 ft + 14. ft + 6.7 ft = 24.1 


If the: overall loss between juctions ¢ e* -b and e-d is designated rh, it t follows 


= where Ky is a constant between both cases and m is s 1.85 oe all pipes in es in the 


example. This fundamental relationship \ will hold for the head loss between | 
ay two points in a network with proportional eam, but the numerical value of 


able only when Qp equals The > value of m m in ‘Eq . 1 is the ‘same as the ex- 

_ ponent for all individual pipes; the equation cannot be applied where mixed m- 


= 


PROC PAPER, 1608. P12, APRIL, 1958 DOUBLED: BALANCED WHEN 
BY GRAVES AND PLOW IN EACH PIPE IS DOUBLED. 


ite 


= NETWORK FROM. ASCE. SAME NETWORK WITH 


more ner ‘network is s shown in in Fig. 3. This is is the arterial | arterial system 
for the “existing” (1958) Belmont Gravity District in Philadelphia. As in Figs. 
<2 1 and 2, sendout is direct with no equalizing storage on the system. In Fig. 4 
head losses are plotted from the filtered water basin to three network points 
(identified in Fig. 3) for four different total demand rates as calculated using 
_ the Philadelphia Water Department’: s Mcllroy Network Analyzer. ‘The solid : 
lines through the calculated points are for m =1. 85, the flow exponent used for 
all in the network. It may be seen that for a without 
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vosses 


aa 


SOUTHWEST” 


As 


rab 


“storage the head loss between any two locations can be calculated di: directly from 
the results of one run, fora network with proportional loads, using Eq. 1. aie 
_ Also plotted in Fig. 4 are corresponding field data. Considering the at- _ 
_— tainable accuracy of this type of data and the various assumptions and limita- a 
tions of the analyses, correlation is ‘good except: for the “Southwest” station. 
%% FIELD DATA 
(DATA ACCURATE Tot Lorn) 
— 2 
CALCULATED: 


by 


BASIN — 
8 


WATER 


aa 
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T — FROM FILTERED 
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IN FEE 


HEAD LOSS 
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DEMAND IN M.G.D.— Qa 

oe ee FIG. 4.—SYSTEM HEAD LOSSES, BELMONT GRAVITY DISTRICT, a 


. pete (see 4,200 ft of 48 in. in Fig. 3) should have been 75; correcting this 
= error sini the line re representing the analyses i in Fig. 41 4 a closer to the 


al 


TAA 
— 

_| 80 9000 a 
— 


n error 


>. to whee the gages could be read, but the probability of inexact proportionality — 
q of local loads must be considered at least partially responsible. 
; Of the 50.8 mgd current average annual demand in this district, 17%is used 
a 4 by industries. The procedures employed in preparing the network for analy- 
_ sis, including ‘the assumption of proportional loads, appear to be conatatent 
with field measurement despite moderate industrial usage. Similar correla- 
tion has been obtained in high service districts with ‘small industrial use. i, pall 5 
_ The demand range represented by the field data in Fig. 4 is quite typical. 
Seldom is a rate. as high as the current | maximum hour of the maximum day 
_ obtained or closely approached. ‘The projected future maximum hour r: rates 
used in design are generally greater than the current or recent peaks due to tig 
= per capita consumption increases. The solid lines of Fig. 4 consti- — 
- “4 tute a projection beyond the field data with m = 1. 85. Various references have - 
| suggested an m of 2.00 for ‘ —" "pipes (the C- values in Fig. 3 are mostly be- | 
low 100). A line of fit for m = 2.00 for the “South” gaging station is shown 
a ames line) in Fig. 4. Much of the larger piping will have to be cleaned and 4 
lined to meet adequately future anticipated increased demands at - satisfactory 4 
-% pressures. _ The analysis for future conditions thereby included a mixture of 
_ “new” and “old” pipes, for which an m of 1.85 was applied throughout. In net- — 4 
_ work analyses an m of 1.85 is generally used for all pipes" regardless | of their 7 


condition, for reasons discussed elsewhere.(3) The remaining examples will 
Field observed that the head loss from a pumping station 
: (or from gravity-feed storage) to a distant point in the distribution system se 
_proximates a function of the sendout rate to the 1.85- -power. _ When the mini-— 
. = mum allowable fire pressure is not reached in N.B.F.U. local grid field fire 
& flow tests, the pressure residuals are scaled to the allowable using a 1.85- - + 
power relation. The general procedure for adjusting fire flow test results has _ 
been described (4) It has been demonstrated here that a generaliza- 


loads. General agreement between analyses ¢ and field data taken ‘during periods 

- of normal consumption suggests that there is some ‘validity to the design as- = 
sumption of proportional loads. However, a fire load cannot be regarded as at 
_ representative proportional load. The heavy concentration of loading at a point 
obviously cannot be considered in the same category as the normal local ~-ie 
sumption load. Therefore, the results of fire flow tests or will usu- 


«Eq is restricted to a a system without equalizing “Rearranging 

patton (1): 4 


and ‘realizing that Eq. 1 represents a ‘special limit where oF Qp/q 
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| 
Assuming t the functional al relationship to be satisfied by a a coefficient and an e 
ent, 


“note that for the limit Qp/Qq = ‘1, Dh= become equal to Ky. That 
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rox CHASE BOOSTER DISTRICT )~ 


FIG. 5.-TORRESDALE HIGH SERVICE PIPING 
NETWORK FOR B-24-25R STUDY, NOT TO SCALE, AIRLINE DIS- 

TANCE FROM PT TO A APPROXIMATELY 5.10 (FOX 


without equalizing storage and also a range of about 0.5 to 2.0 with sa 
storage will be demonstrated with m = 1. 85. Fo For flow to storage Qp/Qq 
Se Once the head loss between two given points is known for two different 1 mag- 5 
_ nitudes of Qp/Qq simultaneous solution using Eq. 2 will lead directly todand © 
| from which the head loss for any other Qq and Q)/Ra can be immediately — 


The use of and minimum hour ‘demands 


— f 

oi 

— 
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e of Qp/Qg and usually represent 
i: The revised arterial network for a study of Philadelphia’ s Torresdale | 

(High Service) District is shown in Fig. 5. _ Corresponding Lh from the pum 


> ing station (P7) to eight points including the equalizing storage site are given 


"values from these two runs ¥ were used to calculate the ¢ and n for each loca-_ : 
tion for comparison with the “measured” losses for eighteen special runs. 


The “calculated” head losses from the pumping station to the standpipes (Lo- 


4 cation A) are quite close t to the “measured.” Values s for the seven points in the 


network compare favorably. The eighteen special runs wi were 


formed with dispatch and the head loss differences would have weigh less had 
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"TABLE 1.—HEAD LOSS,Dh, IN FEET, FROM PUMPING 
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0.0187 


‘This last equation was used to the “calculated” h-values for Location 
in Table 1. ‘It must be ‘realized that these values of and | n would be Changed 


or ‘if m was changed. These constants are particulars of the > given | net - 


In determining head ads for use in a special study of balanced pump- — 
-network- storage conditions for the Belmont H.S. District,(5) a total of nineteen 


prone interim conditions in the near future. The measured head losses for 
the nineteen runs are given in Table 2. The ¢ of 0.135 and n of 3.70 were de- 
_ termined from a log-plot of Dh/Qq!- 85 versus Q /Qq. The “calculated” Zh 
are in good agreement with the average -fit to Eq. 2 despite the large range . 
In both the Torresdale H.S. and Belmont H.S. districts the equalizing stor—- 
a age location is on the side of the distribution system opposite from the pump- 


station. Elevated storage for the Chestnut Hill H.S. District | is planned 


ev. = a 

0 

| 2.5 36 

no 

“Calculated Lh,” @and n based on “Measured Min. Hr. Ave. Day Demand. 
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a “STATION, ‘Mie TO GIVEN LOCATION FOR FIG. 5 WITH m = 1, 


op DO 


DOW OW 


to 


hy wh 


PAH 


PAN 


a 0.0390 | (0.0393 
ured Dh.” a b Max. Hr. Ave. Day Demand. © Run B-24R, Min. a Day Demand. 4 


ibe in that with the pumping station on the 
edge of the district, as shown schematically in Fig. 6B. (This is the smallest 
_ distribution district in Philadelphia and the only one in which fire flows gov- : 


erned the design of future arterial piping requirements. The “measured” 

“s head losses between the pumping station and the elevated storage site for the 
four principal test runs from the final report for this district (written in 1956) 
are presented in Table 3, together with head losses “calculated” by using the 

- data of the last two runs. The first two runs were for anticipated average day 

: hourly extremes and the last two for maximum day hourly extremes. All four s 
runs were carefully made. If the generalized characteristics given by Eq. = 
had | been developed prior to these tests the first two a could have been 
checked for consistency or merely calculated. ‘i. am 
_ In Fig. 7 is shown the arterial network for one of the several studies | per- 

aie _ formed some time ago for the Roxborough H. S. District. This district is “a 

: “complex, having two pumping stations and two equalizing storage sites. The 

 measu red head losses for the Fig. 7 piping are given in Table 4. £ These data 
are offered to show that a more complex system can be generalized. The A 
and B series of runs in Table 4, are for average day d demand extremes and the = 

; C and D series are for maximum n day extremes. One of the loads in this study a 

_ was not proportional; the Chestnut Hill P.S. was represented as a constant load a9 


for each of the two 24-hr average a but commiates only owt 6% of nol 


— 
- iver Meas. | Calc. | Meas.| Calc. | Meas. Calc.| Meas.| Calc.) No. 
— 
4 34.1 | 34.2 | 40.1 | 39.7 51.9 | 513) 4 
| 21.9 | 226 | 26.2) 26.3 | 34.0 
6 | 27.9 | 82.4 38.9 | 
8.1 | 48.0 | 49.3 67.5 
469 | 493 | 53.8| 591 | 641 | 8 
4.9 | 33 (38.5) 41.6 | 45.9 10 
'9 | 33.7 | 37.0| 36.9° 375 «#399 | 419 144 
24.6 | 27.0 | 27.9 | 15. 
| 
| 
— 
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uit 

sured” ones. correlate the Roxborough P.S. head losses, g greater c consist- 
ency was achieved by algebraically combining PR and Sp which are at almost = _ 
the same position hydraulically. The “calculated” head losses for runs No. = Fy 
and 6D are close to the | “measured” ones; office notes taken at the time | of the — : Pd 
tests indicate that some of the “fluisters” representing pipes located between ; _ 
PR and R-2, but nearer R-2, were found to be operating improperly cee the , 


TABLE 2. ._SYSTEM HEAD LOSS CHARACTERISTICS FOR FIG. 6A WITH m = = 85 


6. 

5 
7. 
5 
5 
14 
5 
9 
13 
7 
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_ TABLE 3. oo HEAD LOSS CHARACTERISTICS FOR FIG. 6B WITH m= 1 85 


mgd 


- 


- No. 4 series are probably more accurate than the “measured.” The data of | 
Table 4 represent some extreme combinations: the No. 4 series is for equal — 
sendout rates from the two ] pumping stations, the No. 5 series is for an < outage ae 
of the Roxborough P.S. and the No. 6 series is for an outage of the West onl 
Lane P.S._ Had the procedures here been | known at the time these 


: 4 retrospect it is therefore concluded that the ‘ “calculated” head eee the 


| = 
i — 

Eh from Pe to So, 
— 

— 
4 — 

| 
. — — 
| — 


“UZ pue u 0} pesn suny q y8no10qxoy are sodidpuer}s yZno10qxoy + Uda, SB 


NA 


N 


af 


2 
@ 


| 


6° 
0° 
( 


— 
— 
— 
— Beles 
Te 
— 
— “laa 
iim 
— 
¢ 
— 
— |; 
— — 
— 
cre, 
— 


ary, 


u 


NVI 1S3M _~ 


Jan 


— 

— — 


analyses were made, the complete runs could have been. reduced to. 
_ about three or four, the remainder calculated and perhaps one or two quick 
runs made to check the results. if the Roxborough standpipes we were located at 3 
_ the same stie as the West Oak Lane standpipes, appraisal of the system char- 
- acteristics would have been straightforward. Had the constant loading «an 
_ ‘signed the Chestnut Hill P.S. been about 20% instead of only 6% of the average 
demands, there would have been an obvious deviation between the “measured” — 
and “calculated” head losses. = | 
‘In the preceding examples the characteristics ofonly sample lk locations have 
_ been offered. Similar results can be obtained for practically any location in a a 
network operating under proportional loading conditions. Naturally the cor- 
responding equations representing different reference points will each have 
* _ The number of composited local grid loads used in the analyses of the pr 
ceding examples are given inthe following table; 
District: District Fig. Number of Local Loads 


ret. 


H.S. 

Chestnut Hill H.S. 


a ‘An unusually “small number of loads were deliberately employed it in the Rox- 
borough HLS. study because of the of the 


ae a the ag of proportional character The use of proportional loads is an a 
ah assumption usually incorporated in network design analyses. It appears that 
ya in general, near-proportional loading probably occurs in predominantly rage a 
dential districts having small industrial or other specialized types of loads. Pa 
With proportional loads the percentage distribution of flows in individual 

_ pipes in a balanced network is constant irrespective of the magnitude of the > 
total demand. ‘This: contention has been demonstrated by means 5 of two ele- ia ‘ 
mentary examples and inferred from the results of analyses for a more com- -_ 

a plex network where the sendout rate equalled the total demand. A generalized 
characteristic was deduced from this specific case for the more “inclusive 

f 1a) It a appears safe to conclude that with eyetems which have, (or r reasonably 
can be assumed to have) constant proportional demands, Eq. 2 is potentially a 

is valuable calculating tool for determining system losses, particularly with 
equalizing storage. _ From the analyses for only two sample rates the head — ; 

~ losses for other rates and/or supply source combinations can be speedily cal- 7 

hint culated. The computations for the successive hourly balancing of = 

_ network-storage functions can now be performed much r more simply using 

inn Eq. 2, particularly with a a digital computer, assuming of ‘course that the re- e 
sults would lead to more significant or useful answers than can be obtained 

_ with an abbreviated procedure.(5) |The use of generalized characteristics 
would vastly simplify the calculations required in an economic evaluation re- F 
cently by Cole(1- -b) of different degrees of equalizing storage. "The 


: 
aa 
| 


January, 1960 


- potential value of generalized characteristics should not be siesiatie rated. The 
engineer who must contract for computing services should now be able to 
a reduce the time and cost of analyses. . Using characteristics determined from 
field data it is possible to calculate losses for future expected demands with 
aa the existing system network to determine the maximum loading that can be a 
sustained before system improvements become mandatory, w without | recourse 
to detailed analyses” via a special computing device. Lomax(1-b) has stated 
_ that “The possibilities of the digital computer and the analyzer have not been 
_ fully developed” for use in network studies. It is anticipated that the use of 
generalized characteristics will accelerate a more advanced exploitation of 
* thease devices. The « designer usually knows in advance the desired magnitudes _ 
& of the quantities included in Eq. 2. Is it not feasible to consider writing a de- 
pet sign program for a digital computer which would permit direct determination 
of the best combination of pipes to satisfy” prescribed conditions defined by 


Be _ Discussion has centered about water distribution problems, with a constant i : 


F 


value of m of 1.85. The characteristics presented can also be applied in analy- 
es of gas distribution networks, wherein head loss relationships are related 
_ The reader who is seeking a detailed summary of considerations which | 
‘should be investigated i to the performance of a network analysis v willfind | 
6) of perticular interest. 
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Qs sendout (or « output) from a pumping station or from ground storage 


= flow into ore out of elevated pe: 
= Qp - (algebraic sum). 


= head loss a point to a given en pin in; a fora 


= same, but with elevated — 


eneralized coefficient for a system without elevated 
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— sendout to demand. 
(Q./Qg) = ratio of s 
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7 ith elevated | 4 | 
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Discussion by Leo L. 


LEO L, BURNET, hile Florida has the longest recorded history of any 
part of the United States, dating back to the early part of the 16th century, the 
interior of Florida, particularly the southern portion, has been one of the last — 
areas to develop or even be explored. _ Several centuries went by before any- 
‘thing was known about the interior. The first known printed map of Florida, _ 
made about 1587 , indicates the general shape of the peninsula with : aa 
geographic names dotting the coastline but shows nothing of the interior. The 
only name now recognizable is that of Cape Canaveral and is shown as “C. de 
Canareal. map of Florida made in 1765 for the London Magazine, “entitled 
; “A . New and Accurate Map of East and West Florida drawn from the best au- 
- thorities,” shows nothing of the interior except a maze of huge interconnecting _ 
waterways bearing little resemblance of conditions as they are known today. q 
In 1837, one _John prepared a of Florida but “refused to 
show Lake Okeechobee °°: - - - because he doubted its existence.” In fact, it 
_ was not until well in the middle of the 19th century, during the Indian wars, be-_ 
_ fore white men learned much about the interior. _ Various tribes of Indians — 
were entirely at home in the interior but not the white men. They didn’t relish” 


ae o: thought of losing their heads. A few y quotations from the history of Florida 
| = ape by the State Department of Agriculture might be of interest: 
“After his escape, Coacoochee rallied the Seminole chiefs and was largely 


responsible for the - continuance « of the war. He was one ¢ of the leaders at the = 
= of Okeechobee on Christmas Day, 1839, and took part in almost every 


Augustine and took their wardrobe. Soon afterward he was invited to 


_ “The war dragged on year after year. The Army even sent to Cuba for 
bloodhounds to track down the Indians, but they proved to be of little” use. x 


Sal ele of the war, On one occasion he attacked a ‘theatrical troupe near St. 


Gradually, how fever, the Seminoles we 


which were first explored by expeditions of soldiers, sailors, and mre 


“The capture of Coacoochee in the summer of 1841 marked the beginning e ; 
-: end, _ When he consented to emigrate with his band, other chiefs began © 
surrender. By August 1842, all the chisis except Sam Jones and Billy Bowlegs 
had surrendered or been captured. Rather than continue the expensive war, 

the tet them a reservation in the 


Everglades area August 14, ‘1042, the annqunced that t the fighting 
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Seminole Florida’ s growth, But it did 
_ to speed its future development, At its start » the it interior of the peninsula was © 
“Fiona unknown - so ‘much so that John Lee. ‘Williams, who had lived in 
Florida since 1821, refused to show Lake Okeechobee on a map he published — . 
- 1837 because he doubted its existence. | The Army was a great exploring om 
expedition that blazed trails and mapped the country. many of 
- forts and supply depots built by the troops later became towns.” 


“Pioneers in the southern part: ae the peninsula were neighbors of those 

_ Seminoles who had refused to emigrate. _ The Indians lived quietly for a few 

years and then began to molest the whites. United States soldiers stationed at 
Fort Myers, Fort Lauderdale, and ‘Fort ‘Dallas (Miami) gave 

some protection to the settlers and, at the same time, made topographical 


“A military surveying party touched off another Indian war in December 


1855, by destroying Billy Bowleg’ corn and pumpkin patch just “to see old 
Billy cut up.” _ The frontiersmen were in a panic and “forted up” * behind pali- 
>. sades, but there were no extensive military ‘operations. The government of- 
fered large rewards for captured Indians - $500 for a warrior, $250 fora 
z and $100 for a child. * By 1858 most of the Seminoles, including Billy 
Bowlegs, had been rounded up and shipped west. A few however, still hid out 
_in the Everglades. These events had no effect on the older parts of the state, 
"which continued to develop along tl the lines ‘begun in 1 territorial days.” 
The southern part of the peninsula did not continue or even start to develop 
4 ‘until considerably later, South Florida is unbelievably flat. To draw a profile — 
clear across the state from west to east passing through Lake Okeechobee to a 
% scale which would make it it about 4 feet wide, all one has to do is to take a stool 
a straight edge ‘and strike a horizontal line, as the variation in elevation is so 


slight that it would amount to less than the thickness of a lead pencil line. The = 
_ Everglades, an area of about 40 miles wide and extending about 100 miles di- 
rectly south of Lake Okeechobee, is still flatter with absolutely no perceptible 
slope. For this 100-mile length the variation in elevation is only al about 16 feet 
: _ from north to south with virtually no variation from east to west. This north 
to } south ‘slope, if it can be called a slope, ‘amounts to actually less than two 
Bes. per mile. _ Within this area there are no ridges, no hills nor valleys, oo 
and hence no defined water courses, since nature had no way of making them 
: over this flat terrain. Rain water simply falls, stacks up and stays there with 
. discernible flow. It does, of course, move in a sheet slowly to the south but 
: ever so slowly. _ Most of it gradually disappears through evaporation, trans- Lins 
7 4 _ ‘The lack of rivers or defined water courses is probably the primary reason a 
the interior of the Everglades remained a mystery to the white man for 
many centuries, Early explorers depended on rivers as a means oftravel. _ 
_ Likewise, early settlers depended on rivers as a means of transportation, not 
only for themselves but for materials and supplies. . The Everglades, entirely ; 
ait lacking of this means of transportation, reamined undeveloped and largely un- — ’ 
me, explored until well into the 20th century. Here was a vast area of rich fertile q a 
lands with ideal climatic conditions simply stayed as it was, inhabited 
Early in the 20th 
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land was so flat that rain waters simply wouldn’t drain ; away. away. Eventually, four 
ne: long canals were dug from Lake Okeechobee to the ocean, all taking a south- 
easterly direction. Agricultural development increased. These canals, 
ever, did not accomplish their intended purpose, for the simple reason that you ; 
can't make water flow, canal or no canal, without a slope. Crops suffered 
4 severe flood damage. _ The answer lies in the methods used in the Central and ~ 
_ Southern Florida Flood Control Project now in the process of construction. — 


This project is unique in that it includes inge pumping stations to create an _ 
2 artificial slope in the main arterial canals. Most of these stations have been 


completed and are in They have, been the answer to 
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by Raphael G G. Kazmann 


RAPHAEL G. KAZMANN, lf, ASCE. —The classification of hydrologic data 
into three groups rather than two appears to be questionable, It is agreed that 
“basic ” data and “analyzed” data as set forth in the paragraphs dealing with 
definitions are sound categories. . The third category “interpretive” data is 
misleading and inaccurate if the example given in the report correctly depicts i 
the Committee’s views. As an example of “ “interpretive data ” the Committee a 
uses the phrase, “estimated yield of an aquifer. 

Let u us stipulate that an aquifer does not generate water. ‘It merely stores | 4 
and transmits water that has been derived, directly or indirectly, from the at- 
_ mosphere, Consequently no interpretation of exclusively “basic” or “analyzed” 
data can possibly give a useful “estimated yield” figure because the basic 


data, while necessary, is insufficient for the purpose, as the following para- ; 
is possible to obtain a figure on rejected recharge. That is, if on is” 
using the aquifer asa source of supply, measurements and tests can be made | 
- which will tell us how much water the aquifer, being full, is rejecting, = 
_ But the concept of ‘yield” carries the connotation of “use.” And the idea of i. 
; 7 - use carries with it the idea that money will be spent in order to make the wa-- a 
ea available for use. . The capital investment will depend primarily upon the 
+ timated life of the water-using project, the desired rate of offtake, , andthe ~~ 
_ length of time in which it is desired to recover the investment, © None of these oe 
7 variables is , dependent upon the measurements made by hydrologists. . Thus no 
_ mathematical manipulations of the results of physical measurements will en- a 
iS ble engineers or scientists to arrive at a useful “estimated yield” figure. 8 
_ This is not to say that measurements of rainfall, runoff, evaporation, per- 


“meability, thickness of — yield, etc., are valueless. These 


z= quirements are superimposed upon them. Consequently any attempt to include 
“estimated yield” as a part of purely hydrologic interpretation and 


But they will not result in an figure unless economic 
will result in needless and valueless effort. 


al The same remarks apply to studies of “safe” yields of 13). ‘The 


‘spend to recharge it and the quantity of water that you are legally entitled to - 
use for that purpose. — No matter how many observation wells are measured, 


_ fo matter how many aquifer-performance tests are made, no matter how — - 


a @ July, 1959, by “the Task Group of ee Data of the en on —— 
of the Hytraulios Div. teat, 
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“test wells are e put down, the heares ved data will not be ‘sufficient to enable per-— 

diction of yield. The fundamental economic-engineering postulate of how much — 

money will, and can, be ‘Spent determines the yield from any given — 


_ Itis strongly suggested that the Committee Report be n modified to. exclude _ 
the sentence, Pp. | data,” “An example is the estimated» 


in mind. If no other example is forthcoming, “Interpretive data” » should be re-_ 
a as a category and the report modified | appropriately. Shape 
is suggested that, on p. 13, the sentence, “As water uses approach or 
— ceed safe yields : studies of limiting factors will become ‘more detailed and da- 4 


ta will become more important” be omitted. 


~~ On p. 15, item number 3) should be omitted in accordance with the pond :, 

ing paragraphs, and the word “interpretive” _ should be omitted unless. exam- 

ples of data” other than estimated yield of an aquifer, be 
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ENGEL. importance of Professor Morris’s 
lies in the fact that he directs once more our attention to a badly neglected _ 
- subject, namely t to transport phenomena of the flow of water, one of erred 
The present situation regarding our knowledge of friction prenemene is un- 
satisfactory, as most test results on friction date back to a period before 4 
Prandtl (1933) advanced his basic concept of turbulence. zi ‘Prandtl’ > arguments 3 
were mainly demonstrated on the basis of Nikuradse’s experiments on flow in a 
rough and smooth pipe lines. No recent extensive investigations, extensive in ng! 
_ ‘the rege of the complete work by Nikuradse, came to the knowledge of the 


rather limited in scope. 
iad The new roughness concept by Professor Morris deserves a careful study. 


However, “refuting the Colebrook equation” should be clearly qualified. _ The 

author | should indicate how far- reaching his statement is, as it appears rather 

unlikely that the results by Colebrook were completely unacceptable. 
_ Furthermore , it is difficult to understand the significance of equation (8) — 

presented at the beginning of the paper interpreting the regime of normal tur- 

_ bulent flow in accordance with Figs. 7 to 9. It should be emphasized that the 

7 _ Prandtl equation is in general agreement with Nikuradse’s experimental re-— 


L= longitudinal spacing 


rou hness ‘elements. A of ‘Trou hness element 


(Note, the in this discussion is in with p previous publi- 


cations and differs from some of the terms used by Professor Morris. ) 
d, 


i As already s stated, the Prandtl equation describes very well the roughness» 7 
pattern used in Nikuradse’s ‘experiments. . What is the significance of Profes- 7 


Morris’ 's equation? A few questions arise, if two ‘identical forms’ of 
2 July, 1959, by Henry W. Morris, esses 
Conoutient, Seaton Road, ‘Workington, ‘Cumberland, 
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b) does neither one nor the cites describe the phenomenon ae 
— d) are there limited ranges in which either one or the other is applicable? 
are there ranges | in which two are 


Perhaps Professor Morris would ‘elucidate those p points, which have been 


i © partly dealt with in | both his papers, but the above analysis appears to ioc — 
further explanation. Further comments are required, in particular with — 
ence to the experimental evidence given in the following discussion. 
a Phenomena of roughness influences may be interpreted by poo its 
meaning with reference to a typical of uniquely defined roughness 
elements, namely orifice plates in series. (Uniquely defined with respect 
ie - relative height of roughness elements and also relative spacing of roughness 7 
elements.) There are three extensive investigations dealing with this particu- | 
pattern of roughness, namely by H. Mébius (1940), (1) Ww. Nunner (1956), (2) 
The first task will pe to the limit between ‘ ‘small’ area ratios and 
‘large’ area ratios, of f which the latter show the performance ofa ‘normal’ 
‘Two distinct mechanisms of orifices in series sas ‘ rougmeee’ elements 
should be considered. For very large area ratios the type of wake interfer- 
a ence flow, as dealt with by Morris occurs. The manEpe: < of the element is small 
or and its ‘crest’ i is still close to the wall of the conduit. Eddies are shed cali 
_ the edges of the orifice into the main stream, directed towards the centre line 
_ of the conduit. The second type of flow for ‘small’ area ratio orifices is ong c 
in the opposite direction as eddies shedding from the jet are travelling | in the oa 
_ direction of the p pipe wall. | ‘The jet issuing from the orifice results in high 7 ‘ 
% - central velocities at the axis of the conduit mixing with the nearly stationary — ; 
¥ fluid across the main section of the pipe. The disintegration of the jet may 4 z 
3 take place over a distance between 5 to 8 pipe diameters indicated by ‘recov- | 


’ of a considerable amount of static pressure. This process is related to — 
in accordance with the Carnot impact relation 
s _ The Prandtl equation may be used as an approximate guide to determine the 
3 admissible relative height expressed as a limiting area ratio. Of course, the 
& Prandtl equation could be modified by including correction terms so it may be p 
_ applicable to smaller area ratios. However, there is no reason to do this in 
view of the arguments presented in the previous paragraph, ae rs 7 
= = One of the most important investigations is a thesis by H. Mobius. (1) His 
Fig. 20 is partly in Fig. A the friction coefficient re— 


u represents a parameter of. a set of curves. In the range of 
2 and 8 peak values occur. L/e = 8 indicates a demarcation line which distin- a 
 quishes two different types of energy dissipation by the ‘roughness elements. 
These types of dissipation are, however, not yet those which refer to the dis- - ; 


/Sipation mechanism of ‘small’ area ratios which lie outside the range of va- — 


— 
enon of roughness influence differing only 
— 
— 
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“In diagram, Fig. two | series of tests Nunner and Koch have been 
ae plotted. The Nunner tests r refer to rings of 4 mm. height inserted in a 50 mm. 

_ pipe line; the cross section of the rings were semi-circular. They were even- 
ly spaced in the pipe line and the total length was covered by 12, 24, 48 
122 rings, respectively. The range of Reynolds numbers for turbulent flow 
_ conditions covers approximately 2,000 to 100,000. The resistance values were 
x  anaety constant, only for the two last test points there was a slight rise in the z 

_ resistance value with increasing Reynolds number. The test points fit in fair- 

th ly well with the general trend of the Mobius diagram, clearly era a = 


tinction L/e- values smaller and larger than 8. 


pli 


oe Four test points by Koch of differently spaced square-edged orifices in 
series of an area ratio of 0.64, corresponding e/r = 0. 2, fit in fairly well with 
_ the Mobius curve for the ratio of 0.22. However, for the reasons crowed, above _ q 
this area ratio should already be considered as a limiting area ratio. It is 


outside the scope of the Prandtl equation, 2 as becomes evident from the follow-_ 
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This value is greater than the ite i. 74, as ‘specified by Prandtl, Un Until fi fur- 
ther = evidence is available area ratios of 0.70 should not be considered as 
- roughness elements in pipe lines of 50 mm. diameter. _ However, in pipe lines” 
of other diameter due to scale effects the limiting area ratio may differ in its 


‘The r meaning of the demarcation line of Fig. A should be analysed as it may 


: result in some qualification of both diagrams, i.e. Figs. 7 and 8. in Professor _ 


_Morris’s paper. Table I has been prepared | to enable a comparison between 
7 the Mobius diagram and the Morris diagrams, which otherwise would not be 
in view of the different roughness definitions. 

.—FRICTION Cc JEF EF FICIENTS RELATED ‘TO! 
Morris. 


0.07 


to ¢ 


0.24 


0.02 


af) 


] is for the urpose of ri - 


‘could be either by very of ‘say smaller than 0. 03, or 
by values of L/e considerably smaller than 8, _ The first row of the Table I is | 
i rather uncertain as the trend of curves has not yet been established in the — 


_ range of values of L/e smaller than 8, In accordance with Professor Morris’s 


_ Fig. 10 hyper-turbulent flow should prevail under those conditions, It is of in- 
q = to note that the lowest value for the relative roughness spacing given . 
the diagrams Figs. 7 and 8 is unity, resulting in a friction coefficient of 0.31. 
From Fig. A and the tests by Nunner and Koch it is known that the friction co- = = 
efficient could be considerably larger. It would be of interest to know why _— 
diagrams have been limited to parameter values of unity. 
One feature which becomes evident from ‘Table I is that does 
uniquely define the resistance coefficient f. For r/L= 1 covering a range of 
values of r/e from 8 to 33.3 results, in accordance with Mobius, in a decrease 
of the resistance coefficient from approximately 0. 26 to 0.06. The Morris a 
- disclosed by the few examples for r/L= 2. "The divergence in 1 Fig. A of the 
; "curves is remarkable when they approach the limit of 8 from larger values of 
_L/e. This means that is not sufficient ‘to define the ‘resistance coefficient 


"There is another range of the friction characteristic Which does not appear 
to be quite in line with the results by Nunner and Koch, Fig. (10 shows a com-— 


aa paratively short range of Reynolds numbers between the limiting curve for the 7 
ie smooth surface and the onset of ‘ normal turbulent flow’ when the friction | 
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DISCUSSION 


becomes constant. Fig. 8, for sharp-e edged strip roughness, 
«f "sents in contradistinction a rather extended intermediate or transition regime. 
|g Be tests by Nunner and Koch show in general an abrupt change at low | 
a - Reynolds numbers, say between 1,000 and 3,000, after which the friction coef- - 
_ ficient becomes in most cases nearly constant, as shown in the normal flow 


range in the Morris diagrams, Some further elucidation of this point is re- 


_ Summarising the previous remarks the writer would like to ask Professor — 


oq 1) Values of r/L in the range from 10 to 5,000 could only be obtained by 

very small venues of e/r, say between 0.02 for a limited range of values ; 

<4 of L/e, say smaller than 10 and preferably considerably smaller than " 
ra unity. The latter condition | appears to be in contradiction to the require- 
ments of wake interference, as it should result into quasi- -smooth flow. — 

Would the author, therefore, explain the various feasible ranges of the _“o 


complete set of parameter values.as 8 given —_ or i 


2)! Two resistance characteristics with pon tendencies a appear to exist; f & 
_ one for values of L/e smaller than 8and another for values larger than — 
8 (see Fig. A). How is it possible to reconcile those two distinctive 
characteristics with the parameter r/L? ‘This parameter cannot a 


- close to which range of values of L/e it belongs. The author’s complete — 
ie range of values of r/L from unity to 5,000 with reference to Fig. 8 can 
ae only be covered by correlated and comprehensive ranges of L/e and e/r 

parameter ratios. This means that the peak value of L/e = 8 should 
in this comprehensive er val can this: be achieved? It 


values of e/r ue Which had the au- 


How can the transition ranges in Fig. 8 for Reynolds numbers between, 
gay 1,000 and 100,000 be brought in line with Nunner’s and Koch’s in- 


vestigations which show in this range constant friction fac- 


; ive the end of the paper a statement is s made “that the concepts correlated 74 
data obtained from many different sources.” As reference (16) is not precise- 7 
ly given and may not be available in print the author could add much to his 
very important paper if he would present in the Closure a table indicating the if 
a ranges covered by the investigations which are in line with his statements. ] 
_ This table may include the varioustypes of roughness flows and ranges covered 
_with respect to Reynolds numbers and values of r/L and e/r. pa, 0, i 
os Professor Morris rightly points out that “further study directed to the spe- ‘ 
“ay cific end of elucidating and refining the concepts” are very desirable. To the | 
best of the writer’ no extensive and reliable investigations 
t thir If any new work is 
contemplated the experiments ‘should be carefully designed and based on the 
_ latest advance of our knowledge in the field of fluid dynamics, Some require- — 


== are, of course, rather stringent and not end to fulfil. Often the = 
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=> 
—_— designed entrance conditions, | too short length of the r¢ rough con- 
du section (100 pipe diameters length of the rough surface may be required 
in case of turbulent flow and over 300 pipe diameters for laminar range) and | 
the failure to ensure iso-thermal conditions have given contradictory or inade- _ 
ea and when such investigations are planned and executed another important 
problem should be settled, i.e. _ the correlation of the velocity profiles and the ‘ 
. essential pengenees parameters covering an extensive range of Reynolds num- 
bers. _ This, of course, , will give a better insight in the mechanism of rough- 
ness. . The question is, whether the velocity profile under all conditions of 
: roughness (illustrated in Fig. A) is sufficient to explain fully the significance 
of the roughness | and turbulence problems. — Some recent investigations(5) on 
the influence o of ‘roughness and various ‘Toughness patterns on the discharge 
characteristic of measuring orifice plates n may lead to the conclusion that the — 
ae may not be a sufficient characteristic in case of excessive : 
os ——— At least the results of this investigation appear to be considerably | 
_ above the values, which were related(4) toa change of the frictional coefficient 


q Geschwindigkeitsverteilung— in Rohren mit 
q  Rauhigkeiten bei turbulenter Stromung, Phys. vol. 


W. Nunner, Warmeiibergang und Druckabfall in 


> Forschungsheft 469, (1958). 


A. Engel and J. Davies, Velocity Profi es and of ‘Fluids 


ies a Contracted Pipe Line, The Engineer (London), vol, 166, No. a, = 


Pipe Roughness Effects, Proc. Inst. Mech, Engrs. vol. 3 


ACKERS. }—This paper forms an important continuation of his previous 


with unusual forms or combinations of roughness, for which experi- 
mental data. are not readily available. In the writer’s view, these — 
_ ideas would be more readily accepted if additional evidence directly i in support = : 
j of the proposed equations, as opposed to pre-existing ones, could have been | 
z quoted. Much of the experimental information on commercial surfaces men- ae 
i tioned in this latest paper has not been compared directly with the new equa- a 
tions to the writer’s knowledge, but is referred to (somewhat obliquely) as be- - 
ing contrary to previously accepted ‘equations. 
1 Pris. Scientific Research Sta., Becks, England. 
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in the range trom U.U 0 U.U6. in view oi the many important and stiilun- 
solved problems it is hoped that Professor Morris’s paper will stimulate come 
systemat bn coefficient in conduits, which is cer- 
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‘¢ Morris’ s earlier paper gave a carefully reasoned account of the influence 4) . 

a the form and spacing of the turbulence - producing elements on the resist- oo. 

ance function, leading him to describe three basic forms of turbulence in rough 
conduits: Isolated roughness, wake-interference, and skimming flow. Unfor- 

a  — his present paper is introduced by some “below the belt” criticism not : 
the brilliant work of Colebrook and White some twenty years ago on fluid r re- 
ra, oS in the writer’s opinion, he does his own field of study a disser- 

by thus disc rediting one of the mile- stones in \ its progress. . The ae 


tions. _ The author’ s recommendations undoubtedly point the way ahead, but 
, nevertheless his adverse comments on the work of Colebrook and White call 


Most who have studied the modern of 
aware of the meaning, and limitations, of the “equivalent sand roughness” used 
; in the Colebrook-White equation. It is the linear measure of roughness which 
i would yield the same friction factor as the equivalent Nikuradse sand size, un- 
der conditions of fully-developed rough-turbulent flow. Morris’s_ suggestion 
‘that, to be acceptable, the Colebrook-White function should show the same form 
of transition as Nikuradse’s sand is contrary to the whole purpose of a com- 
_mercial-pipe resistance equation, and merely confuses the issue. Colebrook’s . 
Fig. 1(3) clearly demonstrates that equivalence is confined to the square- -law 
_ region. He fully recognised too that the equation he and White derived | was ap- 
_ plicable only to those types of surface which give a descending transition, and 
_ that where the roma rir elements were so close as to give interference be- 


; rendered difficult owing to the fact that the turbulent motion in the wake behind . ‘i 
- the grains is complicated by mutual interference .....” wrote Colebrook, in 
anticipation of some of the ideas" propounded by the present author. Experi-— 
= - ments on pipes artificially roughened with mixed sizes of sand were also des- 
eribed:(2) those with a uniform application of small grains followed 
_Nijuradse “wake-interference” transition, those with a background of small 
grains and a superposed pattern of larger isolated grains gave a generally is 
_ horizontal transition, whilst isolated grains by themselves gave the familiar — ‘ 
descending transition. Then, in ref. (3), Colebrook analysed data on many 
commercial pipes, showing that they gave a similar transition to the pes do 
2 grains, and commented thus: “It is seen that although some of the pipes do am 


=f 


Itis remarkable, in fact, how many commercial surfaces do produce the « ios- “g a 
“te The author quotes certain experimental data as refuting the sistent White 
: = function referring for example to Burke’s experiments on a very large pen- 
stock. (43 However, these tended to confirm the generality of the equation un- 
criticism, rather than refute it. Referring to “the exceptionally smooth 
Pe _ surface produced by enameling the inside of the pipe,” Burke wrote , “It can - 
concluded that the present data have provided a substantial experimental veri- 
fication for the extrapolation of the von Karman or Nikuradse smooth- a 
» equation to values of the Reynolds number up to approximately 3.8 x 107 from 


| 
in the quest for knowledge about fluid resistance, and, although it was of very 
— 
— 
: 
— 
j 
. 


% 7 seis published high values of about 3 x 106,” _ There is no conflict with 
om Colebrook function there! “Data for the 51 inch pipe- -line apparently | dif- ‘ 
fer from those for the 123 inch diameter pipe, departing from the smooth- -pipe 


- curve and showing a distinct tendency to assure a constant f- value. ” Burke’ . 


ring to his own experimental studies of 18 inch, 24 inch and 36 inch concrete 
_ _*9 says “Certain tests have yielded systematic variations in empirical 
_ = values of equivalent sand roughness for a given surface, proving it to be un- 
reliable. .... Various data are available reputing the Colebrook equation 
: eons that friction factors for a given surface type always decrease with — 
increasing diameter. Yet when we study the concrete pipe experiments we 
find that the pipe- -lines” ‘referred to were not identical. _ The author himself — 
-- (1) “The joints in the 18 inch diameter pipe were considerably smoother — 


c. inches,” ' so that any differences in their apparent roughnesses is almost ce . 
tainly real , and does not necessarily fault the Colebrook-White equation. 
. fact, these concrete pipe data follow the transition function quite closely. The 
__-writer has recently tested 12 in. diameter spun concrete pipes with good joints a 
and found that their equivalent sand roughness was 0.00013 ft. data fora care-— 
fully-finished concrete tunnel of 45 ft. diameter has been published recently,(5) : 
_ showing its roughness to be 0.00019 ft. Surely this is admirable confirmation — 
of the generality of the Colebrook-White | equation for ‘surfaces giving an iso- 
hy lated-roughness type e of transition. Campbell and Brebner(6) have. given us 
is further supporting evidence as a result of experiments on 2 in. to 6 in. diame- 
_ter aluminium pipes: “This relationship between these results (relative rough- 
z nesses for three diameters of pipe) is as one would expect, since the surface 


and thus with increase in the relative relative roughaces vary ry inverse-_ 
ie It is worth mentioning too that over twenty years ago Colebrook and wilt) 

- a gave some consideration to the influence of the shape of roughness elements 
an on the relationship of the equivalent sand roughness to their physical dimen- 
mn sion, and also demonstrated that the spacing of the protuberances entered the 
relationship, an n idea which Morris has now carried very. much further. . The e 
a main advantage of the author’s approach to fluid friction, in comparison with a : 

previous methods, is | that it permits an estimate of friction in a pipe or chan- % 
nel whose roughness" can be defined by physical measurements, even if the 
4 roughness is of such a form that a “non-Colebrook” transition will occur. 
However, it seems that in the design of the majority of commercial pipe- -lines, 
the e engineer may still have to rely or on semi-empirical estimates of friction un- — 
til such time as he can an reliabley predict | the probable values of the height, 
longitudinal and peripheral spacing, and form, of the protuberances which might — 
4 ‘= expected with any proposed method of construction. It is to be hoped that : 
such data will be collected whenever possible, and comparisons then made be- 
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NICHOLAS BILONOK.1—This paper has presented curves and methods for 


determining friction factors for turbulent flow in closed conduits and open Rascal a 


tana _ The presentation is directed to better understanding of the physical — 


‘Fegimes of turbulent flow andof pipe friction, 
‘The characteristics of the five > types of turbulent flow are: well defined, and 


ture should be. pero what ‘simple > and accurate method to find the type of 
‘roughness element and coefficient Cp, when all type of roughness elements “3 
from Fig. 5A can be found in the pipe under a 


measuring roughness, “The average may be very far from indi- 
vidual cases. We have to remember that some of complicated | formulas are 
necessarily less approximate than the simpler one. 
The equivalent roughness element diameters k of Nikuradse(1) are “used in 
investigations and evaluation the effect of roughness in pipes, 
pend on the ratio of the roughness size | to the radius of the pipe. The main ~ 
a obstacle encountered here is the difference in units of roughness. Due to the 
‘simplifying assumption and uncertainties in relationship of variables, the sta- a a 
ata investigations failed to revel the effective of value of Reynolds number — 
in open channel flow,(4) also recent investigation and measurements in the — 
15 existing circular 51 in. and 123 in. in diameter pipe lines(7) show some nega- 
(tive informations as to application ofthe Nikuradse roughness law. Results of 
the friction factor tests indicated that the care taken in fabricating and lining — - 
the pipes produce one major desired result the attainment of a highly favorable Ey 
; An analysis of the ‘test data indicates that the surfaces concerned to conform _ 
the rough pipe low of Nikuradse ‘and that a change of constants or possible 
new low, might serve to ORE a roughness rg surface that may be classi- 


— 
ke 4 
— 
t wi to the designer: How much doe — 
The first question that will occur ther 
i i iffer from that computed by other 
of head computed as suggested in this paper di 
| 


eal conditions of the flow. A distinct difference ceeneny closed conduit under» 


ressure, is that the e open. channel depends upon the ee given their free. sur- : 


r 


of the wide variation inthe conditions and roughness | coefficient must be deter- 
mined for each type and shape of surface. In the nature of the lining, cross 


section may have an infinite variety of shapes and change from section to sec-_ 


tion, ‘Under these circumstances, it is exceedingly difficult to derive a formu- 


la for flow that will be general in its application for | pipes and open 1 channels. 
_ Formulas of Chezy, Kutter, Manning, Hazen-Williams are in form conveni- | 


’ ent for solving practical problems that are in general use. All these formulas © 


experiments, as well as between n theory and designing office 
‘The physical law of liquid flow in the conduits : is one, and can not be ex- oe 


: tion based on the theory, and numerical coefficients performed from the tests, 4 
and direct measurements with great care infull sizeof pipe. 
Most of the results of investigations have not been satisfactory because of _ 
their wide disagreement, which bh may be attributed to the absence > of a si standard 
_ The detailed refinement for only one factor, f may create illusion that, by 4 


g de default the other variables are associated with a small margin of error.  ‘Itis 


quite evident that there is much remaining to be investigated from the stand-— 


of theory and basic a higher of precision in 
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History of Hydraulics. H. Rouse and Ss. Ince, Iowa a Institute of H 


great care andunder perfect 
s, thatthere is danger inac- 
cepting any formula designed to give mean values. 
One single formula or diagram can not express all condition of flow of 
= 6€6—CFTtiéOt:-an Kind in closed conduits and open channels. It does not matter to change aie 
exponent at one or the other variable, or change constant number in mathe- 
By 5 
anoaletical tracntmant ta mara Aiffienlt af flaw in anon channal herancse 
2 
vy if properly applied to experimental factors. 
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_ 22. Handbook of Hydraulics. H.W. King, Revised by E 
Hill Book Co., 4th Ed., 
JOHN A. ROBERSON,! M. 


has existed in the past. For this attempt and for introducing concepts which a ; 
or deserve continued study, the author is to be commended, It is felt that the au- > 
_ thor’s division of flow into various regimes of turbulence is necessary to pur- a 
sue the complex problem of flowin rough conduits, 
_ It is the writer’s opinion, however, that verification of the author’s hyper-— il 
flow theory is yet to! be accomplished. One of the author’s main con- 
- clusions from the hyper- -turbulent flow theory was that “for sufficiently high | > 
_ Reynold’s numbers, each transition function approaches ‘the normal turbulent — 
_ flow equation oe which the friction factor depends solely onthe relative rough-— 
hess spacing.” _ This conclusion was s developed in a previous paper by the au- 
thor(11) in which a key hypothesis was that wakes behind the individual rough- 
- ness elements could be made similar (implied by stating that v/v, values a 
be made similar) regardless of roughness bh height | or ‘shape. The reasoning — 
leading to similarity of wakes followed from the author’s concept that —_ 
_ may be altered because “the location of the separation point on the roughness 
s&s can be adjusted by adjusting Rc.” To test the hypothesis —— 


sider ‘one type 2 as 3 cubical roughness elements and the other type as pyramidal — - 
_ roughness elements. Itis generally agreed that the point of separation will not | 
for almost the entire range of Re for either of these types. Inj other 


Furthermore, it seems that by attempting to test the hypothesis 
on rounded type | elements the conclusions arrived at would be less decisive 


ue tothe addedcomplexity. 


«If the writer has misinterpreted the author’ s hypothesis concerning con- ti 
_ stancy of v/Vs which implies similarity of wakes, clarification of this part of re 
the hyper-turbulent flow theory might ‘result if the author would restate the fh, 
hypothesis in a different manner. Although the author in his earlier paper — 
presented data attempting to justify the conclusion that for normal turbulent 
flow ; is a function of relative spacing only, it seems that the data contained | fi 


_ too few examples to test adequately the influence of spacing alone as opposed CT 
to roughness formandheight 
on. The writer concludes that the concepts, equations, and curves presented by 
the author certainly | provide ideas for analysis and future development of the 

theory flow in conduits, but do yet provide a design 
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DETERMINATION OF HYDROLOGIC FREQUENCY FACTOR@ 


L. L. Weiss 


L. WEISS. to Chow, (1) the general formula for hydrologic 
where x = the magnitude of a hydrologic 


ee: _ The value ofK at a given probability will » of course, depend on the: distribu 
- _ tion under consideration. In his article Chow shows how to determine values 
of K for a lognormal distribution by a tention method and suggests its use 


-asapractical measure; 


Aside from the inherent difficulty of accurately reading the ratio from the bs 


constructed line, the suggested computed points for its construction are too | 
close together for greatest accuracy at high and low probability points. — In at 
addition, after the ratio is determined, the K values must still be computed. vy 
a somewhat different method for r determining K has been used by the writer. E 
When Ge has been given, it expresses K directly asa function of the proba- 


a bility. This may be preferrable to either the author’s nomogram or the 


relationship is developed as follows: 


wine arithmetic mean of 


= the the deviation of y. 


"substituting (2) in (1) : and taking na tural logarithms: 

=o, 2+ In(1+C, 
(2 in ‘standard units t, gives: ; 

sid 
a 3 Washington, D.C. 
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t=o y/2 + [ + C_ K)] 


1. Chow, Ven Te, log law its 
Proceedings, Amer. Soc. Civ. Eng., Separate 536, 1954. 


Wei iss, L. . L., A nomogram for log | lysis, Tr 


= 


Geophys. Union, v. 38, n. 1, pp. 33-37, Feb. 1957. 


— ‘If we take the example given oy 
4 
z — 


Discussion sssion by. John B. 


B. HERB HERBICH, M. M. ASCE. —The translations were made by 


‘Armanet, L. enissiat (Power Station) Butterfly \ Valves.” 
Houille pp. 199-219, 1950. Tr. by P. J. Colleville. Fritz 
y 


Engineering Laboratory Translation No. T-1, 1953. 


Krisam, F. “Influence of Volutes on Characteristic Curves of Centrifu- 
gal Pumps” (Der Einflus der Leitvorrichtung auf die Kennlinien v a 
ra Kreiselpumpen), Zeitschrift des Vereines Deutscher Ingenieure, Vol. oe, 
No. 11/12 April, 1952, pp. 319-322. Tr. by A. Ostapenko and J. BL Her-— 
dich. Fritz Engineering Laboratory Translation No. T- 4, April 1959. 
| 


Pat be 


a - &@ August, 1959, by The Task Force on List of Translations of the cae on Hy- 


romechanics of the Hydr. Div. 
Asst. Prof. and of ‘Div., Lehigh Univ. Pa. 


“TRANSLATIONS OF FOREIGN LITERATURE ON HYDRAULICS* 
€ tm — 
| 4 ey be added to the 
— 
— 
— 


| 


* 


3 


“Mee 


Pi), 


2167 

4 


2 


